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PREFACE 


THIS volume is the last of a definite series, and it therefore seems 
opportune to put on record a short statement of how these books 
came to be written and to be published by the Institution of Royal 
Engineers. 

Immediately after the Armistice in November, 1918, the late Major- 
General Sir George Scott-Moncrieff, Director of Fortifications and 
Works at the War Office, wrote to all theatres of war and asked 
Engineers-in-Chief to do everything possible to collect reports on the 
technical work of the Corps during the War before demobilization 
should disperse those who had been responsible for the work. 

Asa result of this a great mass of reports, records, plans, and photo- 
graphs were collected, and were sent to the War Office in April, 1919. 

Lieut.-Colonel Addison was appointed, as attached officer under 
the D.F.W., to collate the reports and prepare volumes for publica- 
tion. He anticipated from the first that financial stringency was 
likely to put an end to the appointment and the work at no very late 
date, and therefore decided to go straight ahead with the material 
available, and, at least for a time, to make no attempt to amplify 
or confirm the records by reference to individuals or to War Diaries 
and other official records except where such a course was absolutely 
necessary. Actually the work was allowed to go on for fifteen months, 
in which time the manuscript for these eight volumes* had just been 
completed. Any shortcomings that may be apparent arise from the 
conditions described, and were inevitable. 

The books, however, present a series of records of works, prepared 
by those who had taken part in them, and whilst the memory of 
them was still clear. As such it is hoped that they will continue to 
be of interest and value for many years tocome. It should be added 
that, although it was at first thought that the books would be pub- 
lished officially, no public funds were available. Consequently the 
Council of the Institution of R.E., with the approval of a Corps 
General Meeting, undertook the whole business and cost of publica- 
tion. 

The Secretary of the Institution, Colonel F. E. G. Skey, has been 
responsible for the production of all eight volumes. 


H. F. THUILLIER, 
Director of Fortifications and Works. 
16th December, 1926. 


* Excluding The Signal Service in the European War of 1914 to 1918 (France), 
which was written by Major R. E. Priestley, m.c., B.A., late R.E., and published 
conjointly by the Institution of Royal Engineers and by The Signals Association. 
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CHAPTER I, 
PEACE ORGANIZATION — EXPANSION ON AND AFTER 
MOBILIZATION — SUBSEQUENT INCREASE OF 
DIVISIONAL ENGINEER UNITS AND SIGNAL UNITS. 


PEACE ORGANIZATION. 


IMMEDIATELY prior to the outbreak of the European War in August, 
1914, the Royal Engineers consisted of the following units :— 


At home. Abroad. Total. 


Field Squadron wie iy - I — I 
Field Troop oP ae “es ai I — I 
Field Companies .. 13 2 15 
Bridging Trains G adres only) 2 — 2 
Signal Squadron .., ee I — I 
Signal Troops | 5 5 
Divisional Signal Companies 6 I 7 
Cable and Airline Sections 2 2 
G.P.O. Signal Company I — I 
Printing Company I — I 
Railway Companies 2 — 2 
Works L. of C. Company a ses I — I 
Fortress Companies (Coast Defences) II 15 26 
Coast Battalion Companies Say 
Defences) a 2 — 2 
Survey Companies 3 — 3 
Depdt Companies ws 9 — 9 
Training Depdt for Field Units I — I 
Railway Depét ... ae ‘ I — I 
Spectal Reserve Units— 
Siege Companies 2 — 2 
Railway Companies 3 — 3 
Depét Companies 2 — 2 
Postal Section ... I — I 
Signal Section ... I — I 


There were also various establishments not recognized as units. 
These were Battalion Headquarters at Chatham, at Aldershot and for 
the Survey Companies, Establishment for Engineer Services, School 
of Military Engineering, Depét Office, School of Electric Lighting, 
School of Signalling, War Office, R.M.C., R.M.A. Staff College, 
N.C.0.s for duty in General Staff Offices,and thelndian Establishment, 
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including H Company. The total establishment of the nova 
Engineers (excluding Special Reserve) was :— 


1,078 officers 9,171 other ranks. 
The establishment of the Special Reserve was :— 
37 officers 1,200 other ranks. 


In addition there were 
Officers. Other ranks. 


Signal and Motor Cyclist Sections, S.R... 3 468 
Postal Section, S.R. oe ; .. 0 270 
13 738 
The total establishment of Regulars and Special Reserve was 
1,128 officers II,10g other ranks. 


EXPANSION OF UNITS ON MOBILIZATION. 


On mobilization the following Engineer and Signal Units required 
for the Expeditionary Force of six Divisions were provided from 
the above units, brought from peace to war establishments :— 


Divistonal Units— 


Field Companies, 6 X 2... sae ve ie dice ate 12 
Divisional Signal Companies me ng Se: bes ies 6 


Cavalry Divisional Unitts— 
Field Squadron __... sis ie das sa ses Ss I 
Signal Squadron ... wis is des ei ai wis I 
Signal Troops gue a 4 


Cavalry Brigade os (not alleen to eves Dividon)= 


Field Troop .. ‘ae ave ve aie — oe sas I 
Signal Troop - 


Army Troops, etc.— 
Works L. of C. Company ... 
Fortress L. of C. Companies 
L. of C. Signal Company , 
Railway Companies ote oes ssi vas ei Ne 
Printing Company 
H.Q. of G.H.Q. Signal Company 
H.Q. of Army Signal ps aca 
Airline Sections. se 
Cable Sections 
Wireless Section _... 
Railway Transport Establishment. 
Survey Sections 
Postal Offices 
Various 


- 
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The Cable and Airline Signal Sections and G.P.O. Signal Company 
were organized in peace with a view to considerable expansion in 
war, and from them, supplemented by personnel from the Army 
Reserve and the Signal Section Special Reserve, the following units 
were formed on mobilization :— 3 


I H.Q. of a G.H.Q. Signal Company. 
2 H.Q. of Army Signal Companies. 
5 Airline Sections. 
10 Cable Sections. 
1 Wireless Section. 
1 L. of C. Signal Company. 


Only a small cadre of ten N.C.O.s and men for each Bridging Train 
existed in peace, and these cadres had each to be expanded to an 
establishment of 302 N.C.O.s and men on mobilization. 

Reinforcements for the R.E. units of the Expeditionary Force 
were in the first place found from the various depéts in England, as 
follows :— 


For Field Companies—Mounted men from the Training Depét, 
Aldershot ; dismounted men from the Reserve Battalion 
and Depét Companies at Chatham. 

For Signal Units, from Reserve Signal Company, Aldershot. 

For Railway Units, from Railway Depét, Longmoor. 

For Postal Units, from Home Depét, Postal Section. 

Other Units, from Reserve Battalion and Dep6t Companies, 
Chatham. 


EXPANSION AFTER MOBILIZATION. 


In August, 1914, very shortly after the outbreak of hostilities, orders 
were received to form the 7th Division. To provide the necessary 
Engineer and Signal Units, the 54th Field Company, the 55th Field 
Company, and the 7th Divisional Signal Company were selected. 
The 54th Field Company was at Chatham—the 55th Field Company 
and the 7th Divisional Signal Company were brought home from 
South Africa. In September, 1914, before the 7th Division was sent 
to the theatre of war, orders were received to form the 8th Division. 
For this Division the 15th Fortress Company was brought home 
from Gibraltar and converted into a Field Company, the 2nd Field 
Company was brought home from Egypt and the 8th Divisional 
Signal Company was raised as a new unit. Orders were also received 
in August, 1914, for the formation of 


2nd and 3rd Field Squadrons, 
2nd and 3rd Signal Squadrons. 


- 8 ; 

The 2nd Field Squadron was formed with the 4th Field Troop as a 
nucleus. Surplus personnel of the 2nd Field Squadron, for which 
a modified establishment had been approved, served as a nucleus 
for the 3rd Field Squadron. The 2nd Signal Squadron was formed 
overseas and the 3rd in England. Two additional Signal Troops 
(6th and 7th) were formed from Cavalry units in the 6th and 7th 
Brigades in September, 1914. 


ADDITIONAL FIELD COMPANY FOR EACH DIVISION. 


In September, 1914, a recommendation was received from G.H.Q., 
France, that another Field Company should be added to each Division 
(making three per Division). The provision of three Field Companies 
per Division had been recommended by Lord Kitchener’s Committee 
in 1912. On approval to the recommendation from France being 
given, arrangements were made to provide eight Field Companies 
from the Territorial Force to complete the first eight Divisions. 


FORMATION OF R.E. UNITS FoR NEW ARMIES. 


A short account has now been given as to how the Engineer and 
Signal Units for the first eight Divisions were provided. The 
decision to raise new Armies involved the raising of the necessary 
Engineer and Signal Units for them, and the requirements of war 
rendered necessary the formation of various kinds of special units. 
A short account of how these units were provided follows. 


FIELD COMPANIES. 


For four new Armies, each of six Divisions, steps were first taken 
to raise 48 Field Companies, 7.e., two per Division. Cadres for these 
Companies were formed at Chatham and sent to the Training Centres 
allotted to them. They were then completed to establishment by 
drafts from Chatham, as men became available. 

In January, 1915, after the above 48 Companies had been formed, 
it was decided to add a third Field Company to each new 
Army Division. This was effected as follows: The twelve Field 
Companies of the 3rd Army were transferred to the rst and 2nd 
Armies, thus raising the number of Companies in each of the two 
latter Armies to 18. The additional Companies for the 3rd Army. 
and Companies for the 4th and subsequent Armies were then raised 
as new units. Eventually 93 new Field Companies were raised, 
of which 33 were raised by local bodies, municipalities of towrs, etc. 

When the Field Companies referred to above had been sent over- 
seas, the Territorial Force was called on to provide Field Companies 
for additional Divisions as required, with the resultt hat in December, 
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1918, the total number of Field Companies serving overseas was 
as follows :— 


Regular. T.F. S.R. Total. 
France sie aes re 93 64* 2 159 
Egypt 3 9 - 12 
Salonika 8 5 - 13 
Italy ... 5 4 - 9 
Mesopotamia 3 3 - 6 
112 85 2 199 


The 93 Regular Field Companies in France included three Com- 
panies of the Royal Naval Division, the personnel of which was trans- 
ferred to the R.E. from the Royal Marines. 

In consequence of a hope expressed by the Government of India 
in June, 1918, that it would raise an additional half million combat- 
ants, approval was given to the formation of Sapper and Miner 
Units to replace the Field Companies—and also the Field Squadrons 
and Troops, and Army Troops Companies—-in Egypt, Salonika and 
Mesopotamia. 190 British officers were to be sent to India for these 
Sapper and Miner Units. Owing to the cessation of hostilities in 
October and November, however, only a small portion of this re- 
organization actually took place. 


FIELD SQUADRONS AND FIELD TROOPS. 


Only one Field Squadron (1st) and one Field Troop (4th) existed 
on mobilization. The subsequent formation of 2nd and 3rd Field 
Squadrons is referred to above. The 6th, 7th, 8th and oth Field 
Troops were subsequently formed in Egypt for service in Egypt and 
Salonika, and towards the end of 1915 the 4th and 5th Field Squad- 
rons were formed in France, for duty with the 4th and 5th (Indian) 
Cavalry Divisions. 

During the latter part of 1916 the two Field Troops which were 
at Salonika were sent to Egypt, and during 1917 an additional Field 
Troop, known as No. 10 Imperial Camel Brigade Field Troop, was 
formed in that country. There were then five Field Troops in 
Egypt—6th, 7th, 8th, oth and roth. During 1918 the 6th, 7th and 
gth were converted into No. 6 Field Squadron, and the 8th and roth 
into No. 7 Field Squadron. 


* Six of the T.F. Companies in France were sent out in July, 1918, on a slightly 
reduced establishment for work on the L. of C, They did not accompany Divisions 
Overseas. 
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Owing to the reduction of the number of Cavalry Divisions in 
France from five to three, the 4th and 5th Field Squadrons were 
broken up in April, 1918. The personnel of these units was mostly 
utilized as reinforcements for the Ist, 2nd and 3rd Field Squadrons, 
but a Field Troop was formed from it, and sent to India with a 
Cavalry Brigade. 

The number of Field Squadrons and Field Troops serving overseas 
at the end of 1918 was 


Field Squadrons—France 3 
Egypt 2 

Total 5 

Field Troop—Mesopotamia I 


SIGNAL UNITS. 


The growth and development of Signal Units to meet the require- 
ments of modern warfare has been dealt with in the volume of this 
history relating to the Signal Service. The subject, therefore, 1s 
only briefly mentioned here. 

The Regular Signal Units which existed at the outbreak of war 
have already been referred to—in addition to these there were 14 
Divisional Signal Companies and five Army Troops Signal Companies 
of the Territorial Force. By the end of the war these units had 
increased to seven G.H.Q., 24 Corps, 64 Divisional, and five Cavalry 
Divisional Signal Companies, besides numerous units of other 
descriptions. The total establishment of the regular Signal Service 
for the original Expeditionary Force was 78 officers and 2,387 other 
ranks. In November, 1918, there were 2,116 officers and 56,792 
other ranks of the Signal Service serving with the various Expedi- 
tionary Forces. 


CHAPTER II. 


BRIDGING UNITS, ARMY TROOPS COMPANIES, ADVANCED 
AND BASE PARK COMPANIES, ELECTRICAL AND 
MECHANICAL COMPANIES, TUNNELLING COMPANIES. 


BRIDGING UNITs. 


As before mentioned, only two Bridging Trains were formed for 
the original Expeditionary Force, but it was decided later that each 
of the New Armies was to include 


1 Horsed Bridging Train, 
1 Mechanical Transport Bridging Train. 


These Trains were formed gradually, four Horsed Bridging Trains 
being formed first and subsequently Horsed and M.T. Trains in turn. 
The units were sent overseas as they were formed, and when the last 
of them embarked in October, 1916, the total number of Bridging 
Trains with the British Armies in France was twelve. The gth and 
11th (Horsed) Trains were, however, converted to M.T. before they 
proceeded to France. 

The name of these units was changed from “ Bridging Trains ” 
to “ Pontoon Parks.’’ The Pontoon Parks (Horse Transport) were 
R.E. Units, and the Pontoon Parks (Mechanical Transport) were 
R.A.S.C. Units for purposes of administration. An establishment for 
a Bridging Park for a Cavalry Corps was approved in January, 1917. 
In February, 1918, a Pontoon Park was approved for Egypt and 
designated the 13th Pontoon Park, but the Field Company establish- 
ment was reduced in personnel and animals to an equivalent 
extent. 

In September, 1918, it was decided that it was necessary to form 
special Bridging Units whose primary function would be the bridging 
of canals and rivers for the passage of tanks. At a conference held 
in that month it was decided to form three Battalions, and that 
they were to be R.E. Units. Christchurch was selected as the place 
for their formation, the 5th Reserve Battalion, R.E., hitherto 
stationed there, being abolished. The three Battalions and a Bridg- 
ing Training Centre Headquarters were assembled at Christchurch 
early in November, 1918. All the senior officers and about half 
the junior officers were withdrawn from France, the remaining officers 
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and all the N.C.O.s and men were found from reinforcements avail- 
able at home. A few technical officers and N.C.O.s were transferred 
from the Tank Corps. Technical tank training was carried out at 
the Tank Corps Training Centre, Wool, to which batches of officers 
and other ranks were sent for courses. The Bridging training was 
carried out at Christchurch, entirely under R.E. arrangements. In 
December, 1918, in view of the Armistice the number of battalions 
was reduced to one. 


ARMY TROOPS COMPANIES. 


In July, 1915, the Field-Marshal Commanding-in-Chief recom- 
mended certain changes in the organization and establishment of 
Fortress Companies for duty on the L. of C. These proposals were 
approved, and, on the suggestion of the C.I.G.S., these units were 
renamed ‘‘Army Troops Companies.”” Steps were taken to bring all 
the Fortress Companies with the Expeditionary Forces up to the new 
establishment for an Army Troops Company. At that time there 
were in France four regular Fortress Companies (20th, 25th, 31st 
and 42nd) and ten Territorial Force Fortress Companies. The 2oth 
and 42nd Companies went out with the original Expeditionary 
Force, but the 25th and 31st Companies had since been brought 
home from Hong Kong and Ceylon respectively, and converted into 
Fortress Companies for duty on the L. of C. A detachment of the 
31st Company was left in Ceylon and subsequently became the 
48th Fortress Company, R.E. Two Regular (14th and 37th) and two 
Territorial Force Companies were serving with the Mediterranean 
Expeditionary Force, the Regular Companies having been formed 
from the 14th Survey Company. In consequence of a decision that 
there should be one Army Troops Company for every Division of an 
Expeditionary Force, 41 Companies were formed in addition to the 
Companies mentioned above. They were formed in the same 
way as Field Companies were formed, 13 of the 41 being raised by 
local bodies. In December, 1916, authority was given for the forma- 
tion of the 166th (Guernsey) Improvised Field Company, composed 
of men recruited in Guernsey and Alderney. In February, 1918, 
this unit was utilized to form the 245th (Guernsey) Army Troops 
Company, which embarked for France in April, 1918, and the 166th 
(Guernsey) Fortress Company, which remained in Guernsey. 

As the number of divisions overseas increased, so did the number 
of Army Troops Companies, and, in addition to the Companies 
required on the scale of one per Division others were required on the 
L. of C. When all the Regular Army Troops Companies had been 
utilized, further Companies were formed from the 2nd Line Fortress 
Works Companies (T.F.), which were converted into Army Troops 
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Companies as required. In December, 1918, the number of Army 
Troops Companies serving in the various theatres of war was :— 


Regulars. S.R. T.F. Total. 
France et or sat 39 I 12 52 
Egypt a: bi x3 3 ~ 4 7 
Salonika... ve ‘ah 7 _ ~ 7 
Italy ...- sie ses al I I _ 2 
50 2 16 68 


The establishment of each Army Troops Company in France was 
reduced by eight other ranks in December, 1918 (sce under Electrical 
and Mechanical Companies). 


ADVANCED AND BASE PARK COMPANIES. 


It was decided by the Army Council in February, 1915, that two 
Works Companies, R.E., were to be provided for each of the two 
Lines of Communication in France, so that four Works Companies 
were required. It was, however, subsequently decided that two of 
these Companies should be called ““ Advanced Park ” and two “ Base 
Park ’’ Companies, as the term ‘‘ Works Company ”’ as applied to such 
units was confusing. One Company (the 29th Works Company) 
already existed. The 24th and 32nd (Fortress) Companies had 
already been brought home from Malta and Gibraltar, and were 
being converted at Chatham into Fortress Companies. They were 
sent to France for conversion into two Base Park Companies. To 
provide the fourth company, the Ist (Fortress) Company was brought 
home from Gibraltar, converted into an Advanced Park Company, 
and sent to France. 

Developments in Egypt and subsequently at Salonika necessitated 
the formation of Advanced and Base Park Companies for those places. 
Two Advanced Park Companies were raised by the conversion of 
the 4th (Fortress) Company, R.E., and of half the 19th Survey 
Company. These units, which after conversion were known as the 
4th and 46th Advanced Park Companies, were sent to Salonika and 
Egypt respectively. Both were raised on a modified establishment, 
but the 46th Company was subsequently raised to the same estab- 
lishment as an Advanced Park Company in France. It finally 
became a Base Park Company. 

The two Base Park Companies required were provided by the 
conversion of the 33rd (Fortress) Company and the 13th (Survey) 
Company. The 33rd and 13th (Base Park) Companies were raised 
on modified establishments, but were subsequently raised to the 
same establishment as the Base Park Companies in France. They 
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were sent to Egypt and Salonika respectively. The 47th (Fortress) 
Company, which had been sent home from South Africa, on the 
reorganization of the South African Defences, was converted into a 
Base Park Company on a modified establishment and sent to Mesopo- 
tamia, on the application of the C.-in-C. in India for a Base Park Com- 
pany for Mesopotamia. 

In August, 1916, the establishments of Base Park Companies in 
France were increased, but not those of Companies in other theatres. 
In September, 1917, the 358th Special Base Park Company was 
formed in East Africa from details of the 47th Company in South 
Africa. Its final establishment was two officers and 34 other ranks. 
In November, 1917, the 389th Advanced Park Company was formed 
at Chatham for work on the L. of C. in Egypt. Its strength on 
formation was five officers and 106 other ranks, but all the above did 
not embark, as certain tradesmen were available for the Company in 
Egypt. 

In January, 1917, the Field Marshal Commanding-in-Chief in 
France recommended that, as the existing Base Park Companies 
were incapable of handling the constantly increasing quantity of 
R.E. stores, which amounted to 200,000 tons per month, 


(a) the 24th Advanced Park Company be converted to a Base 
Park Company ; 

(6) that four new special store sections should be formed and that 
two sections should form part of each Base Park Company. 
Hitherto there had been only one such section per company ; 

(c) The whole of the personnel of the Base Park Companies should 
be men without military training and above military age, 
but possessing the necessary trade qualifications ; 

(2) The officers commanding Base Park Companies should be 
Majors. 


These proposals were approved in February, 1917. In September, 
1918, the zgth Advanced Park Company in France was converted 
into a G.H.Q. Troops Company, to perform the work of an Army 
Troops Company in the G.H.Q. area, with a new establishment of 
five officers and 104 other ranks. Prior to this all work formerly 
carried out by Advanced Park Companies had been taken over by 
Base Park Companies. 


ELECTRICAL AND MECHANICAL COMPANIES. 


One of these units was formed for France in September, 1915, and 
one for Mesopotamia in September, 1916. The unit for France was 
formed from personnel of the Tyne and London Electrical Engineers 
(T.F.) and was therefore a T.F. Unit. The unit for Mesopotamia 
was composed of Regular personnel and was designated the 300th 
Electrical and Mechanical Company, R.E. In November, 1916, the 
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Field Marshal Commanding-in-Chief in France represented that the 
number of machinery plants was far greater than one company could 
deal with, and recommended the formation of five Electrical and 
Mechanical Companies—-one for each Army. The establishment 
recommended was 


4 Officers, 259 other ranks, 
as against the existing establishment of 
4 officers, 123 other ranks. 


In order to provide, in part, the personnel for these Companies, 
the Field Marshal Commanding-in-Chief suggested a reduction of 
eight other ranks in the establishment of an Army Troops Company 
and of 16 other ranks in that of a Siege Company, and the reduction 
of one Land Drainage Company. By this arrangement the total 
number of officers and other ranks to be found from England was 
reduced to 

12 officers, 531 other ranks. 
These proposals were approved in December, 1916, and the numbers 
350 to 354 were allotted to the five Electrical and Mechanical 
Companies. In January, 1917, two additional Companies were 
formed from low category men in France for employment on the 
L. of C., and the numbers 355 and 356 allotted to them. 


TUNNELLING COMPANIES. 


These units were formed in France, for mining operations in that 
country, from men employed in the mines of Great Britain. Their 
formation commenced early in 1915. Personnel for some companies 
was enlisted in England and sent overseas in weekly drafts—per- 
sonnel for other Companies was transferred from infantry, etc., 
serving overseas. Twenty-five Companies were raised on an estab- 
lishment of 14 officers and 307 other ranks. Early in 1916, as it 
had been found necessary to attach parties of infantry to increase 
the effective strength of Tunnelling Companies, the establishment of 
20 Companies was raised to a strength of 18 officers and 530 other 
ranks, the remaining five “ Lower’’ Establishment Companies remain- 
ing at the original strength. The Companies never actually reached 
the full strength of the Higher Establishment, as the Board of Trade 
and mine owners intimated that no more miners could be spared 
without seriously interfering with the mining industry in England. 

Men rated as tunnellers at first received 6s. a day, and tunnellers’ 
mates Is. 2d. a day regimental and Is. a day Engineer pay ; but in 
1917 these special rates were abolished, and men of Tunnelling 
Companies received ordinary R.E. rates of pay. 

Further details of the establishments, organization and work of 
the units referred to in this chapter will be found in the subsequent 


sections of the volume, and also in other volumes of the series already 
published. 


CHAPTER III. 


SEARCHLIGHT COMPANY, SPECIAL BRIGADE, LABOUR 
BATTALIONS, PRINTING COMPANY, FIELD SURVEY 
UNITS, ANTI-AIRCRAFT ORGANIZATION. 


SEARCHLIGHT COMPANY. 


A Company,called the 50th Searchlight Company, was formed in 
England and proceeded overseas in April, 1916. Subsequently the 
establishment of-each Field Company was increased by 13 other 
ranks to work the oxy-acetylene searchlights provided for those 
units. These searchlights were, however, found not to be as useful 
as was expected, and the Field Companies reverted to their original 
establishment. 

An account of Anti-aircraft Searchlight organization is given in a 
later section of this volume. 


SPECIAL BRIGADE. 


In the summer of 1915 Special Companies for the use of gas were 
formed in France in the G.H.Q. area. The personnel was found 
from men with qualifications as chemists, specially enlisted at home 
or transferred from other arms. These companies were first 
employed at Loos in September, 1915. Owing to the difficulty in 
keeping them up to establishment, and as it was not considered 
that the whole of their personnel need be specially qualified, Br men 
were transferred to them from Reserve Garrison Battalions. 

The Special Brigade subsequently expanded to such an extent 
that Battalions were formed. In addition, there was a Special 
Brigade Depot at Helfant and detachments at the Headquarters of 
each Army, Corps and Division. The companies were of three types, 
Cylinder, Mortar and Projector Companies. At the cessation of 
hostilities the Special Brigade in France consisted of 

Headquarters and Depdét, 
16 Cylinder Companies, 
1 Projector Company, 
4 Mortar Companies. 


LABOUR BATTALIONS, R.E. 


Owing to the increasing difficulty in finding sufficient personnel 
for roadmaking, etc., it was decided in June, 1915, to form Labour 
16 


17 


Battalions from men of the navvy class for such work. The per- 
sonnel were to be over military age, and to be enlisted at a special 
rate of pay—3s. per day. It was originally intended to form 16 
Battalions, but only 11 were actually formed, for work in France. 
A battalion, designated the 18th, was raised in Ireland for work in 
Salonika, but owing to the difficulty of obtaining recruits it was sent 
overseas on a modified establishment. 

It was subsequently decided that the 11 Labour Battalions in 
France should be replaced by Infantry Works personnel as casualties 
occurred. The Labour Battalions were finally transferred to the 
Labour Corps in the early part of 1917, and the Depdt which had been 
formed at Southampton to deal with personnel for them was abol- 
ished. 


LAND DRAINAGE COMPANIES. 


Two Land Drainage Companies—the 196th and Ig7th—were 
formed for work in France, the personnel being drawn from the Fen 
district, and being paid 3s. a day. 

The number of companies was reduced from two to one in Decem- 
ber, 1916 (see under Electrical and Mechanical Companies). 


PRINTING COMPANY, 


The Printing Company, which formed part of the original Expedi- 
tionary Force, had various sections added to it. In 1914 in France 
its establishment was one officer and 39 other ranks, and it consisted 
of a Headquarter and four Printing Sections. 

The Army Printing Sections were transferred to Field Survey 
Companies on the formation of these latter units. 

There were also three Printing Sections in Egypt, East Africa, and 
Salonika. 

For further developments of the Printing Company in France, see 
under Field Survey Companies and Battalions. 


FIELD SURVEY COMPANIES AND BATTALIONS. 


Three Survey Companies—the 13th, 14th and 19th—existed prior 
to mobilization, their personnel being employed under the Board of 
Agriculture and Fisheries. On mobilization the 13th and 14th 
Companies were split up into half-companies and allotted for employ- 
ment in Coast Garrisons in England and Ireland. After mobilization, 
as the work in these garrisons was taken over by the Territorial 
Force, these units were utilized as follows :— 


The 13th Company was converted into a Base Park Company for 


_ Egypt. 
B 
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The 14th Company was converted into two Army Troops Com- 
panies—one of which was numbered the 37th—for employ- 
ment in Egypt. 

Half of the roth Company was converted into the 46th Advanced 
Park Company for Egypt. 

The other half of the r9th Survey Company was stationed at 
Southampton and acted as the Reserve Depét Company 
for all the Field Survey Units overseas. 


TOPOGRAPHICAL SECTIONS. 


Four of these Sections were formed in France after the outbreak 
of war—they were afterwards incorporated in the Field Survey Com- 
panies. In addition to these the 5th and 6th Topographical Sections 
formed partsof the forces in Egypt and East Africa respectively, and 
there was also a Section in Salonika. 


FIELD SURVEY COMPANIES. 


. Four of these companies were formed in France in March, 1916, 
and on the recommendation of G.H.Q., France, they were recognized 
as R.E. units in July, 1916. They were organized to combine 
various sections into one unit. A Field Survey Company comprised : 


Headquarters, 
Topographical Section, 
Map Section, 
Observation Section, 
Sound-Ranging Section, 


such of the above sections as already existed in France being absorbed 
into Field Survey Companies. 

Later, the Army Printing Sections were transferred from the 
Printing Company to the Field Survey Companies. 

In February, 1917, an establishment for a Field Survey Company 
to absorb the Topographical Section, Maps and Survey Section and 
Printing Section at Salonika, was approved. 


SOUND-RANGING AND OBSERVATION SECTION. 


In order to locate the position of guns in action it was decided, 
early in 1915, to form “ Ranging and Survey Sections.” They were, 
however, subsequently replaced by Army Topographical Sections, 
which were finally incorporated in the Field Survey Companies. 

As the value of these sections became more and more evident, 
more and more Sound-Ranging Sections and Observation Groups 
were formed. In November, 1918, there were 25 Sound-Ranging 
Sections and 24 Observation Groups in France, distributed among the 
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Field Survey Battalions. There were also Sound-Ranging Sections 
and Observation Groups in Italy, Egypt and Salonika. 

In January, 1918, Sound-Ranging and Observation Sections were 
added to the establishment of the Field Survey Company at Salonika ; 
these were formed in France. In May, 1918, the 26th Observation 
Group (two officers and 66 other ranks) was sent from Italy to Salon- 
ika. In January, 1918, on the recommendation of the G.O.C.-in-C., 
the Field Survey Unit with the Egyptian Expeditionary Force was 
reorganized. 

This reorganization entailed the addition of 11 officers, 66 other 
ranks and 45 batmen, and provided for the absorption of the Meteoro- 
logical Section into the establishment of the Survey Company, 
which became a Field Survey Company. In June, 1918, an Observa- 
tion Group (No. 28) was sent to Egypt from France and was included 
in the establishment of the Field Survey Company. 

On the dispatch of the British Force to Italy from France, it was 
accompanied by a portion of the 2nd Field Survey Company. This 
was subsequently formed into the 6th Field Survey Company in 
Italy. 

The Field Survey Companies serving overseas in May, 1918, were 
as follows :—- 


Ist, 3rd, 4th, 5th, and Depé6t Companies ... ... France, 
6th Field Survey Company = sen .. Italy, 
7th Field Survey Company eat sa ... Egypt, 
8th Field Survey Company she -_ ... Salonika. 


FIELD SURVEY BATTALIONS. 


In order to regularize the establishment of skilled personnel 
attached to Field Survey Companies in France and to enable this 
personnel to be replaced in the units from which it had been with- 
drawn, the Field Marshal Commanding-in-Chief recommended in 
May, 1918, that Field Survey units in Armies should be organized 
as battalions, each under the command of a Lieutenant-Colonel, 
with an Adjutant. This was approved, and each Battalion organized 
as follows :— 


1 Headquarter Section, 
2 Artillery Sections, 
Corps Topographical Section. 


The Headquarter Section to deal with surveying, compilation and 
printing, each Artillery Section to consist of Sound-Ranging 
Sections and Observation Groups. Units were placed for tactical 
purposes under the direct control of G.O.C.s, R.A., of Armies, who 
detailed tasks to be performed. 

Four Field Survey Battalions were formed for the rst, 2nd, 3rd 
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and 4th Armies. In addition there was a Headquarter Section for 
the 5th Army, and three Sound-Ranging Sections were formed in 
France in readiness for service in other theatres of war. The Depot 
Field Survey Company was also organized into a Battalion under a 
Lieutenant-Colonel. Small additions were made to the establish- 
ment of the Headquarter Section and School for Observers to provide 
for the survey of back areas and to supply reinforcements to the 
other battalions. 

When the Depét Field Survey Company was first formed, the Print- 
ing Company was absorbed into it as a Printing Section. This was 
found to be unsatisfactory, and when reorganization on a Battalion 
basis took place, the Printing Section was restored to its original 
status as a Printing Company, R.E. The above reorganization 
resulted in a net increase in personnel of 82 officers and 603 other 
ranks, in addition to which one Topographical Section, consisting of 
four officers and 48 other ranks, was added to the Depét Field Survey 
Battalion. 


ANTI-AIRCRAFT ORGANIZATION (HOME). 


In December, 1915, it became apparent that Anti-Aircraft Search- 
lights were required for Home Defence purposes. To man them, A.A. 
Searchlight Companies were raised as part of the Territorial Force. 
The greater number were provided by the London and Tyne Electrical 
Engineers, the remainder by various Fortress, R.E. (T.F.) companies, 
such as the Hants, Kent, Essex, etc. The number of units constantly 
increased, as Anti-Aircraft Defence developed, until, in July, 1917, 
there were 42 units scattered about the country. In November, 
1917, the A.A. Defences of Great Britain were reorganized. The 
A.A. Companies, R.E., were reduced to 12 and personnel was attached 
to 59 A.A. Companies, R.G.A., to run the lights working in conjunc- 
tion with their guns. The London and Tyne Electrical Engineers 
became the parent units of all R.E. A.A. personnel in Great Britain, 
and undertook all their training, etc. By November, 1918, the 
number of A.A. Companies, R.E., had increased to 17, and there 
were about 56 A.A. Companies, R.G.A., with R.E. attached. 


ANTI-AIRCRAFT ORGANIZATION (OVERSEAS). 


In March, 1915, the Field Marshal Commanding-in-Chief in France 
asked for three or four searchlights suitable for use with Anti-Aircraft 
guns against Airship attack by night. No. x Anti-Aircraft Section— 
one officer and 19 other ranks, with three lights—was accordingly 
formed at Chatham and embarked in April. Another section was 
then asked for, as it was considered that one was required at Boulogne 
and one at G.H.Q. No. 2 Section was accordingly formed at Ply- 
mouth and embarked in July. 
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In August, 1917, it was estimated that at least 30 additional 
Anti-Aircraft Searchlight Sections would be required in Franceg 
Personnel for new sections was accordingly provided, partly by the 
withdrawal of men from A.A. and Coast Defence Searchlights in the 
United Kingdom. This personnel was sent to France in drafts and 
there formed into sections. In January, 1918, one section was sent 
from France to Italy. The number of sections then serving overseas 
was : 

In France, I to 33, 35 to 49, 51 to 7 = 75 Sections 
In Italy, 34 : = I Section 


Total ... dee a 76 Sections. 


In June, 1918, the Field Marshal Commanding-in-Chief in France 
asked for the A.A. Searchlight Establishment to be raised to 285 
lights, organized in 95 sections of three lights each. Four sections 
were formed of Canadian personnel and were called the Canadian 
*A.A. Searchlight Company. Personnel to bring the existing sections 
—which were two-light sections—up to three-light sections, was sent 
to France in October, 1918, and steps were taken to form the 16 
extra sections required, but owing to the cessation of hostilities they 
were not actually formed. 

Further details will be found later in this volume under the heading 
“ Anti-Aircraft Searchlights.” 


EMERGENCY SECTIONS. 


The 1st and 2nd London Demolition Sections were formed from the 
London Reserve Field Companies, R.E. (T.F.) in the summer of 
1917, to deal with damage caused to buildings in London by enemy 
aircraft. Two additional sections were formed later from troops 
under the G.H.Q., Home Forces. 

An establishment of two officers and g2 other ranks for these 
sections was approved in March, 1918, and their designation was 
changed to Emergency Sections. 


CHAPTER IV. 


WORKS COMPANIES, FORESTRY UNITS, ARMY TRAMWAY 
AND FOREWAY COMPANIES, INUNDATION SECTION, 
CAMOUFLAGE PARK, METEOROLOGICAL SECTIONS, 
REINFORCEMENT COMPANIES, COAST DEFENCE UNITS, 
ENGINEER SERVICES. 


WorRKS COMPANIES. 


At a conference held at the War Office in July, 1918, it was decided 
to send to France six Works Companies for work on aerodrome 
construction for the R.A.F. The Companies selected were :— 

6th Works Company (Regular) 

22nd Works Company (Regular) 

39th Works Company (Regular) 
575th (Hants) Works Company (T.F.) 
563rd (Hants) Works Company (T.F.) 
572nd (Devon) Works Company (T.F.) 

The 578th (Sussex) Works Company was subsequently substituted 
for the 563rd (Hants) Works Company. The Works Companies 
were sent overseas in August and September, 1918, and were replaced 
at their respective Home Stations by Field Companies drawn from 
Home Service Divisions and Mixed Brigades. The establishment 
at which the Works Companies embarked was three officers and 92 
other ranks. Ten other Works Companies were employed under 
the Director of Fortifications and Works in Commands at Home. 


WATER COMPANIES 


In the spring of 1917 a Company designated the 360th Water 
Supply Company, R.E., was formed in Egypt for the installation 
and maintenance of water supply plant in that country. Its estab- 
lishment was five officers and 158 other ranks. In September, 1917, 
a second Water Supply Company—the 359th—was formed at the 
same establishment, and in February, 1918, a third---the 357th— 
was formed with an establishment of eight officers and 197 other 
ranks, 


WoRKSHOP COMPANIES. 
In the early days of trench warfare a number of R.E. shops were 


organized in France to provide extemporized grenades, trench mortars 
and trench stores of various descriptions. 


22 


23 


In June, 1917, the Field Marshal Commanding-in-Chief British 
Armies in France recommended that, with a view to regularizing the 
employment of the personnel in these shops, a definite establishment 
for an Army R.E. Workshop should be approved. In July, 1917, an 
establishment of seven officers and 124 other ranks was approved 
accordingly, and five units formed. Each consisted of a headquarters 
and four sections, each of which was organized so that it could, if 
necessary, be detached to work with a Corps. The personnel was 
obtained from the R.E. Reinforcement Companies in France. The 
final designation of these units was Nos. 1, 2, 3, 4 and 5, Army Work- 
shop Companies. (Further details will be found in the section of 
this volume headed “‘ Machinery, Workshops and Electricity.’’) 


ARTISAN WORKS COMPANIES. 


In April, 1916, the Field Marshal Commanding-in-Chief in France 
recommended the provision of 2,100 skilled and 13,950 unskilled 
men for work in connection with road making, hutting, timber 
cutting, quarrying and the loading and unloading of ships and railway 
wagons. Six hundred of the skilled men were required for road 
making and hutting. To supply the requirement, men over military 
age and under 50 were sent out in drafts from England and formed 
overseas into the 51st, 52nd, 58th and 60th Artisan Works Companies, 
each of a strength of three officers and 147 other ranks. The men 
were paid ordinary R.E. rates. Difficulty was experienced in 
obtaining the necessary numbers of men by direct enlistment, and 
it became necessary to make them up by sending out Category Br 
men from Home units. 

In February, 1918, the five Area Employment (Artisan R.E.) 
Companies of the Labour Corps in France were transferred to the 
R.E. and became the 240th, 24Ist, 242nd, 243rd and 244th Artisan 
Works Companies. Five more Artisan Works Companies were 
formed in France and were designated the 1501st, 1502nd, 1503rd, 
1504th and 1505th. 


FORESTRY UNITS. 


In February, 1917, the War Office took over the control of forestry 
operations in France, and in March, 1917, an establishment for a 
Directorate of Forestry in France was approved, and it was decided 
that this Directorate should be a Royal Engineer Directorate. In 
May, 1917, establishmeénts—submitted by the authorities in France 
for the undermentioned units—were approved :— 

Army Area Forestry Group (including H.Q. and Forestry Control), 

Lines of Communication Forestry Group (including H.Q. of Groups 

and Forest Districts), 
_ Forestry Companies, R.E. 
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The establishment of a Forestry Company was four officers and 
110 other ranks. Eleven were formed and allotted the numbers 
from 361 to 371 inclusive. Two Artisan Works Companies were 
also formed for forestry work. 


ARMY TRAMWAY COMPANIES AND FOREWAY COMPANIES. 


In April, 1917, it was notified from France that it had been found 
necessary to form a number of Army Tramway Companies, R.E., 
to construct, maintain and operate the trench tramway systems in 
advance of the light railways. The establishment recommended 
was three officers and 103 other ranks per company and, in addition, 
one officer and one corporal attached to each Army H.Q. Seven 
companies had been formed, and two more were in process of forma- 
tion, the personnel being obtained from R.E. Labour Battalions 
and other R.E. units. Covering approval was requested for the 
formation of the above companies. This was given, and the units 
designated the 372nd to 380th Army Tramways Companies, R.E. 

In March, 1918, the Field Marshal Commanding-in-Chief British 
Armies in France proposed to organize a new service for the detailed 
distribution of ammunition, stores and supplies beyond the point to 
which normal railway services went—this service was called the 
“ Foreways,” the term Tramways being superseded. The new 
organization was to absorb all existing Tramway Units and certain 
other personnel. It was proposed to form 16 Company H.Q. and 
22 Construction and Operating sections, the personnel being found 
from the following :— 


g Army Tramway Companies, 

31st Army Troops Company, 

Reduction of four men in each Field Company, 
1 additional Army Troops Company. 


Owing to the increases involved in these proposals they were not 
sanctioned, and a fresh scheme was asked for, involving no additional 
personnel. The nine Tramway Companies and the 31st Army Troops 
Company were, however, renamed Nos. 1 to 10 Foreway Companies. 
About the middle of 1918 the Forewav organization was transferred 
to the Directorate of Light Railways, and these units became “ Trans- 
portation’ R.E. Units. (Further details are given in the section 
of this volume entitled ‘‘ Forward Communications.’’) 


INUNDATION SECTIONS. 


As an outcome of a request by the Army Council, the President of 
the Institution of Civil Engineers appointed a Committee to report 
on a proposed scheme of inundation in France. This Committee 
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presented their report in May, 1918, and, in order to carry out their 
Suggestions, an Inundation Section, strength : 


6 Surveyors (junior officers), 
12 other ranks (with survey experience), 


was sent out. One captain and one batman were afterwards added 
to the above establishment, (See also section of this volume entitled 
“* Inundations.”’) 


CAMOUFLAGE PARK. 


In May, 1916, a Special Works Park, consisting of seven officers 
and 82 other ranks, was formed for Camouflage work in France. 
In April, 1917, its establishment was increased to 28 officers and 315 
other ranks, and in May, 1917, to 30 officers and 316 other ranks. 
Owing to the growing importance of camouflage work the estab- 
lishment was further increased later to 58 officers and 346 other ranks. 
In November, 1918, the Park was organized into a Headquarters of 
five officers and five other ranks, and Army Camouflage Factories 
each of two officers and 26 other ranks. 

In addition to the Special Works Park in France, a Special Works 
School for experimental and instructional purposes was formed in 
England. 

The titles of the two establishments were changed to Camouflage 
Park and Camouflage School in July, 1918. (See also section of 
this volume entitled ‘‘ Camouflage.’’) 


METEOROLOGICAL SECTIONS. 


A Meteorological Section was first formed for France, and subse- 
quently sections were approved for Salonika and Egypt. Personnel 
for these sections was in the first place found from the staff of the 
Civil Meteorological Office. Subsequently this source could not 
provide all the men wanted, as, owing to the requirements of the 
Air Force and Special Brigade, a largely increased meteorological 
service became necessary. Men of sufficient education were then 
transferred to R.E. from other arms, or were specially enlisted and 
trained. In March, 1918, an establishment was drawn up for a 
Meteorological Section (Home), and this unit performed the dual 
functions of training men for drafts and supplying meteorological 
information for home purposes. At the same time all meteorological 
services at home and abroad were put under one Commandant. 
During November, 1918, a small Meteorological Section was formed 
for service in North Russia. 


REINFORCEMENT COMPANIES. 


In order to utilize R.E. reinforcements in France prior to their 
absorption in units, the Field Marshal Commanding-in-Chief notified 
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in January, 1917, that arrangements had been made to form, as a 
temporary measure, certain R.E. Reinforcement Companies for work 
in Army Areas, and asked that authority might be given for the 
formation of any number of companies up to eight, with the following 
Headquarter establishment : 

1 Captain, 

1 Subaltern, 

1 Company-Sergeant-Major, 

1 Company-Quartermaster-Sergeant. 


Approval was given in February, 1917. 

In March, 1917, the Field Marshal Commanding-in-Chief asked 
for authority to form further Reinforcement Companies, as and when 
trained R.E. reinforcements became available. It was pointed out 
that all companies so formed would be employed in Army Areas 
where they would be conveniently placed for reinforcing other R.E. 
units as required. This proposal was also approved. 

In September, 1917, the situation became such that it was exped- 
ient to withdraw all reinforcements from R.E. Reinforcement 
Companies in Army Areas and orders were accordingly issued for 
these companies to be broken up. 


Coast DEFENCE UNITS. 


It has already been stated (in Chapter I) that at the outbreak of 
war II Fortress Companies for Coast Defence existed at home and 
15 abroad. Some were entirely for electric hght duty, and some for 
both electric light and works duties. On mobilization the duties 
of these units were partially taken over by the Territorial Force, as 
far as those at home stations were concerned. Asa rule, the Regular 
Companies were not entirely withdrawn from the defences. Personnel 
in them, fit for service abroad, were, however, gradually replaced by 
men unfit for such service. The units withdrawn from Coast Defence 
work at home and abroad were as follows :— 


Ist Company, Gibraltar, converted into an Advanced Park Com- 
pany for France. 

4th Company, Gosport, converted into an Advanced Park Com- 
pany for Salonika. 

24th Company, Malta, converted into a Base Park Company for 
France. 

32nd Company, Gibraltar, converted into a Base Park Company 
for France. 

33rd Company, Cork, converted into a Base Park Company for 
Salonika. 

47th Company, Capetown, converted into a Base Park Company 
for Mesopotamia. 
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The 1/1st Devon Works Company (afterwards the 567th Army 
Troops Company) embarked for Gibraltar in December, 1914, to 
replace the 32nd Company. It was relieved at Gibraltar in the 
spring of 1915 by the 1/2nd Devon Works Company (afterwards the 
568th Army Troops Company). This latter Company was relieved 
by the 1/5th Glamorgan Works Company (afterwards the 558th 
Works Company) in November, 1916. The 1st Company was re- 
placed at Gibraltar by the 1/4th Devon E.L. Company (afterwards 
the 614th Fortress Company). The former unit left Gibraltar in 
April, 1915, and the latter unit remained there till the end of the war. 


DEVELOPMENT OF COAST DEFENCE ORGANIZATION AT HOME. 


As stated above, the Coast Defence work of the United Kingdom 
was largely taken over by the Territorial Force early in the war. 
The raising of 2nd Line T.F. units was authorized in June, 1916. 
In August, 1917, there were no less than 47 E.L. and 17 Works Com- 
panies, T.F., in addition to two Coast Works Companies (sce below) 
and 12 Fortress Companies (Regulars). It was realized that this 
organization was extravagant in personnel and after much discussion 
thé Coast Defence units were reorganized on a basis of eight men per 
light, and an establishment was issued in August, 1918. The new 
organization consisted of Fortress Companies and Fortress Works 
Companies. In garrisons where there were no Fortress Works Com- 
panies the Fortress Companies were in some cases composed of an 
E.L. Section, a Signal Section and a Works Section, in others of E.L. 
and Works Sections or even of an E.L. Section alone. Where there 
was a Fortress Works Company in the garrison, the Fortress Company 
had no Works Section. In a few cases where there were no Works 
personnel, Works Companies were allotted to Commands independ- 
ently of garrisons. The saving effected by this reorganization was 
I51 officers and 2433 other ranks. 

At the same time the H.Q. of the Tyne E.E. and London E.E. 
became the parent units for all Coast I’efence and Anti-Aircraft 
Electric Light units and the Reserve Dej,6ts for training all E.L. 
personnel, thus rendering it possible to close down other Territorial 
Headquarters and Depéts. Owing, how: ver, to the cessation of 
hostilities, the closing down of these Lepéts was suspended in 
December, 1918. 


CoAST BATTALION COMPANIES. 


Two of these units existed in 1914 (the 16th and 49th Companies), 
split up into sections for Coast Defence work in the Northern and 
Scottish Commands On the reorganization of the Coast Defences 
in 1918, they became Fortress Works Companies in the Tyne and 
Forth garrisons respectively. 
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CoasT WorRKS COMPANIES. 


Two of these units were formed at the Humber in June, 1916, 
from personnel for Coast Garrisons at home, fit for home service only. 
They were designated the 168th and 169th Coast Works Companies, 
and the establishment of each was five officers and 209 other ranks. 
They were disbanded in November, 1917. 


ESTABLISHMENT FOR ENGINEER SERVICES. 


Immediately prior to the War the supervising and clerical estab- 
lishment for Engineer Services at home and abroad consisted of :—- 


Militaryv— 
Superintending Inspectors of Works and Inspectors of Works 48 
Foremen of Works .. oe ae .. 269 
Engineer Clerks, Draughtsmen and Ledgerkeepers ie .. 250 
Military Mechanists (Machinery) and Electricians — sca, 213 
Total Military... ze si ste ... 780 
Civilian— a 


Temporary Surveyors’ Clerks, Clerks of Works, Pensioner 
Foremen of Works, Clerks, iaiecaaaans and pooner 
keepers .. re sos de ves . 398 


Grand Total ... Nes me aes se ... 1178 


——— 


A considerable number of the Military Staff were detailed to pro- 
ceed overseas with the Expeditionary Force to France, but further 
heavy demands had to be met almost immediately, and these were 
drawn from the Home Commands, their places being filled by 
appointing civilians. 

Before the end of 1914 it became necessary to provide officers for 
Works duties with the Expeditionary Forces, in order to release 
officers, R.E., for duties in the Field, and to meet this a new grade, 
called Temporary Inspectors of Works, was introduced, with the 
rank of Lieutenant. 

These officers were appointed from lists of Civil Engineers who had 
a knowledge of the French language. 

A large number of these officers were appointed from time to time 
and sent overseas, to meet demands as they arrived, and were also 
posted to home stations as Division Officers and Assistant Division 
Officers in order to release Royal Engineer officers. 

Four Roads Officers were appointed in December, 1914, for the 
Eastern, Southern, and Northern Commands and Central Force 


respectively. They were afterwards absorbed into the Lands 
Branch. 
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Early in 1915, a demand for surveyors’ clerks was met by selecting 
a number of Military Foremen of Works who possessed all the 
necessary qualifications, and sending them to France, there being no 
military personnel graded as surveyors’ clerks. 

It soon became necessary to augment the permanent military 
establishment by the formation of a temporary establishment, and the 
personnel for this was found from the Corps, in the case of clerks, 
draughtsmen and ledgerkeepers, by men of low category. 

‘In April, 1915, the supply of clerks and ledgerkeepers could not 
be maintained in that manner, and it became necessary to specially 
enlist men, giving them the rank of Corporal. This, however, was 
discontinued as soon as the necessary men were obtained from the 
Corps. 

In May, 1915, appeals were sent to all foreign stations, asking that 
any warrant officers or non-commissioned officers who could be 
spared might be sent home to assist in providing for requirements. 

A demand from France for officers specially qualified for duties 
in connection with shipping and stores was met by selecting and 
commissioning men with the rank of znd-Lieutenant on the General 
List. 

By the end of the War the strength of the personnel employed as 
Engineer Services had risen to the following :-— 


Milatary— 
Expeditionary Forces sa sas ss 58 by we. I5I0 
Colonial Stations... a ee oa nee as .. 134 
Home tis eae wae — te sie si . 78I 
Total Military _... aes ae iss wes 2425 
Civilian— 
Colonial Stations... See pale ce ae sive ..- 356 
Home Stations ae ae ar sue she soe w» 3485 


CHAPTER V. 


TRANSPORTATION UNITS, ETC. 
TRANSPORTATION UNITS AND PERSONNEL. 


Transportation Services include Railways, Roads, Inland Water 
Transport and Docks. Personnel for these services was provided on 
the same lines as for the remainder of the Royal Engineers up to 
September, 1916. A Director-General of Transportation, controlling 
all these services, was then appointed, and the administration of 
Transportation units and personnel was thereafter carried out by 
branches under his control. 


RAILWAY UNITs. 


In August, 1914, there were two Regular (8th and roth) and three 
Special Reserve (one Royal Anglesey R.E. and two Royal Monmouth 
R.E.) Railway Companies. Their establishments were as follows :— 


Officers. Other ranks, 


8th Railway Company _... at ik 3 106 
roth Railway Company ... a a 3 106 
Depét or eis a sis as 2 4 
Royal Anglesey R.E. (1 Company) Sea 5 145 
Royal Monmouth R.E. (2 Companies) ... Io 290 

Total... ar re 23 651 


The 8th Railway Company landed in France in August, 1914, and 
the roth and two Special Reserve Companies in November. The 
third Special Reserve Company landed in February, 1915. 

A Railway Transport Section was also formed from Regular sources 
for service in France. 

It was soon seen that the above units would not suffice for probable 
requirements, and the Director of Railway Transport was instructed 
to organize additional Railway Construction units. In October, 
1914, the Railway Executive Committee in England formed a Sub- 
Committee for Recruiting. Very large numbers of the employees 
of British Railway Companies were then volunteering for military 
service, and the men for Railway units were selected from them. 
By the end of 1917, out of some 180,000 enlistments from Fnglish 
Railway Companies, about 40,000 men, were serving in Railway 
units. 
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Approximately half the officers for the new units were provided 
by the British Railway Companies on the recommendation of the 
Railway Executive Committee and the other half were mainly men 
from overseas who had been employed on colonial and foreign rail- 
ways. 

In the Italian theatre of war the railways—other than light rail- 
ways—were entirely operated and maintained by the Italian authori- 
ties, but in other theatres of war the railways were run by personnel 
under the Transportation Directorate. 

In the Salonika theatre three Construction and three Operating 
Companies were employed, and large numbers of Greeks, Egyptians 
and Turkish prisoners were employed as civil labour. In Egypt and 
Palestine there were five Construction and eighteen Operating 
Companies, and much native labour was also used. 


Roap UNITS. 


Road and Quarry Companies were only formed for the French 
theatre of war. At the end of 1916 the necessity for their formation 
became apparent. Officers were selected on the recommendation 
of the Road Board from lists submitted by them, comprising some 
1,300 serving officers and 1,300 civilians. Units formed by counties 
and county boroughs were officered as far as possible by local men, 
who were given rank suitable to their technical qualifications, subject 
to at least one trained officer joining each company as a transfer. 
At a conference convened by the Director of Roads it was decided 
that the more amportant counties and county boroughs should raise 
the men for complete companies, 250 strong, while those with 
smaller populations should combine to form companies. As regards 
the formation of Quarry Companies, quarry officials and masters 
in the British Isles were approached, and, as a result, 10 companies 
were formed in Great Britain and one in Ireland. Two more com- 
panies were formed by transfers in France. 


LIGHT RAILWAY UNITs. 


It was not till towards the end of 1916 that any great development 
of the light railways in France took place. The adoption of an 
extended system was then decided on. Thenceforward the personnel 
employed on light railways increased very largely, and, by the end 
of the War, there were some thirty Light Railway Companies of 
various descriptions in France. 

In Italy the Italian authorities could not provide any personnel for 
light railways. One Light Railway Operating Company was there- 
fore sent to this theatre of war early in 1918. 

Considerable use of light railways was made in Salonika and in 
Egypt and Palestine, and two Light Railway Operating Companies 
were employed in each of these theatres. . 
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INLAND WATER TRANSPORT AND DOCKS PERSONNEL. 


The Inland Water Transport and Docks Section of the Royal 
Engineers was originally formed in December, 1914, to deal with 
and develop transport on the canals and waterways of France and 
Belgium. The Section at first operated under the Director of 
Railways, but, owing to the rapid development of Inland Water 
Transport, a special Directorate was formed in October, 1915. 

In the summer of 1916 all non-transport work in Mesopotamia 
became a part of the Inland Water Transport Directorate’s responsi- 
bilities, and during 1917 its scope was extended to cover Inland 
Water Transport and Dock Working in Egypt, in Salonika, and: in 
other theatres of war. 

This entailed large increases in establishments, and, up to Decem- 
ber, 1917, some 1,100 officers and nearly 30,000 men were transferred 
to or enlisted in the Inland Water Transport Section. During 1917 
over 600 officers and 8,000 men were drafted overseas to theatres of 


war as under :—- 
Officers. Other ranks. 


France oe ee se aes im 87 5787 
Mesopotamia Sis soe oo nga 465 1394 
Salonika 3 oe dia 7 12 r7I 
Mediterranean L. of C._... ee ee 34 697 
Egypt me jee side ue ars 29 94 
East Africa ... ast wat us ube 6 127 

Total sate ‘ue iad 633 e 8270 


The European personnel in Mesopotamia was supplemented by over 
42,000 natives of India, Egyptians, West Africans and Chinese. 

At the cessation of hostilities the total Inland Water Transport 
and Docks personnel amounted to 1,666 officers and 29,436 other 
ranks. 


DEP6TS AND TRAINING CENTRES. 


The Headquarters of the Regular railway troops before the War 
was at Longmoor, and the Special Reserve Companies came there 
annually for training. 

During the War Longmoor and subsequently part of Bordon 
became the centre for all railway and road personnel, and at one 
time also for inland water transport personnel. From the outbreak 
of the War till the end of November, 1918, nearly 1,700 officers and 
66,000 other ranks were sent overseas from this centre, including 
30 officers and 3,000 other ranks for Colonial Transportation Units. 

For Quarry units a special Depét was formed at Buxton. 

After the base of the Inland Water Transport was moved from 
Dover to Richborough, the depét for personnel was established at 
Sandwich. 
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FINAL STRENGTH OF TRANSPORTATION PERSONNEL. 


At the end of 1918 the personnel, provided under the supervision 
of the Transportation Directorate and employed on Railways, Inland 
Waterways and Roads, numbered the following :— 


Raised in England dais 62,344 
Colonial Corps sent from 

England set bi 22,608 
Units raised overseas _... 23,390 
Grand total, all ranks ... 108,342 


The units in which this personnel was serving and its distribution 
is shown in the statement which follows :— 
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CHAPTER VI. 


ARMY POSTAL SERVICES. 


AT the outbreak of war the Postal Services personnel for the Expedi- 
tionary Force was supplied from a Postal Section of the Royal 
Engineers (Special Reserve) composed entirely of G.P.O. staff and 
employees. 

The authorized establishment was 10 officers, 40 warrant officers 
and serjeants, and 250 rank and file. Total, 300. This establish- 
ment was intended both to supply the personnel for the B.E.F. and 
to meet the wastages of a normal campaign. 

As the size of the Army increased and new theatres of war came 
into being, it was found necessary to form a home Postal Depét, both 
to act as a draft-finding unit and to handle the mails for all theatres 
of war. The Headquarters of the Depdt was at the G.P.O. and the 
personnel was drawn from amongst P.O. employees enlisted for the 
duration of the War. 

It was decided in 1917 not to enlist any more men into the Postal 
Service, R.E.S.R., but to post them instead to the London Regiment 
and attach them to the Postal Service for duty—-thus preventing 
men so enlisted from drawing Engineer pay in the army, in addition 
to their full civil pay. A Postal Company of the 8th Battalion, 
London Regiment, was therefore formed, which was merged later 
into the Home Postal Depé6t. The establishment of the Depét was 
fixed in July, 1918, at 15 officers, 72 warrant officers and serjeants, 
1,113 other ranks, 140 civilians (ex-soldiers), and 1,120 women. The 
rank and file included a minimum of 250 men belonging to the Postal 
Company, who supplied drafts to theatres of war. The remaining 
R.E. personnel included in this total were intended to be gradually 
replaced by women in the proportion of three to two, down to a 
workable minimum, and also sent overseas. 

In September, 1914, it was decided to form an Army Postal Service, 
T.F., for the troops stationed at home. 

In February, 1916, the D.A.P.S. (Home) recommended a reduction 
in the postal personnel allotted to formations at home. The reason 
given for this recommendation was the suspension of the parcel post, 
etc. Reduced establishments were accordingly approved in April, 
1917. 

The Home Army Postal Service underwent modifications from time 
to time in conformity with the changes in the formations considered 
necessary to be retained for home defence. In October, 1918, a 
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nucleus establishment was laid down for normal working at home, 
which could be expanded in the event of an invasion or other grave 
emergency. The personnel to provide the expanded establishment 
was to be found from the Home Postal Depét. 

In October, 1918, the Director of Army Postal Services at home 
recommended the formation of a London Volunteer Postal Company, 
the object being to supplement the Postal Service at home in the 
event of an emergency, as the Home Depét, on account of the 
number of women who were being absorbed into the establishment, 
would be unable to find sufficient personnel. This unit was organized 
onan R.E. basis. Its personnel was drawn from men exempted from 
Army service and from men in the London Postal Service who were 
over the age fixed for liability for military service under the Military 
Service Acts. 


POSTAL SERVICE IN FRANCE. 


The postal personnel required for the Expeditionary Force of 1914 
was laid down in War Establishments Part I.,1914. The growth of 
this service was in proportion to the growth of the Armies generally, 
and as the number of Divisions overseas increased, so automatically 
did the Postal Service. Early in the War it was arranged that, as 
each new Division was sent to France, an allotment of 11 other ranks 
postal personnel was despatched to deal with the corresponding 
increase in postal traffic on the L. of C. 

In April, 1917, the Field Marshal Commanding-in-Chief notified 
that the allotment of 11 all ranks for each British Division would not 
suffice to cope with the expected increase of extra-Divisional units, 
especially in those controlled by the Director of Transportation. 
It was therefore recommended that the necessary steps be taken to 
enlist in the R.E. Postal Service a sufficient number of men to raise 
the Divisional allotment from a total of 11 to 13 all ranks. 

The War Office, in a letter dated 27th May, 1917, informed France 
that no more men could be spared for employment on postal work on 
L. of C., and suggested that women be employed. France replied that 
as it would take some time to train women, men should be sent, and 
asked that 55 men be sent as early as possible. These were sent 
during June and July. 

In February, 1918, the Field Marshal Commanding-in-Chief, 
France, forwarded proposals for the reorganization of the Postal 
Services in France, and stated that the method of basing the allot- 
ment of postal personnel on the number of Divisions in the country 
was not satisfactory, owing to the large number of units in the 
country, such as R.G.A. Batteries, Flying Corps units, Labour and 
Transportation units, etc., the allotment of 11 men per Division did 
not furnish an adequate number to provide a satisfactory Postal 
Service, and he suggested that the most satisfactory scale on which 
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to base the allotment of Postal Service personnel was the total number 

of troops in the country. He also asked sanction for the attachment 

of 150 low-category men to meet the expansion in the L. of C. area. 
These proposals in brief were :— 


(1) The formation of an Auxiliary Postal Company. 

(2) Alteration in the establishment of the four Base Post Offices 
already in existence at Boulogne, Calais, Havre and Rouen. 

(3) Employment of Q.M.A.A.C.s in place of men in the new 
Auxiliary Postal Company. 

(4) Sanctioning of employment of “‘ attached ” men of low-medical 
category on the L. of C. 


These proposals were approved with some very slight amendments, 
and are shown in the attached Table A. :— 
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The establishment of postal officers in France in November, 1918, 
was :— 


At G.H.0.— 


I D. of A.P.S., Lieut.-Colonel—Acting Brig.-General, but without 
pay and allowances of acting rank. 

3 A.D. of A.P.S., Captains—Acting Lieut.-Colonels, but without 
pay and allowances of acting rank. 

1 D.A.D. of A.P.S., Lieutenant—Acting Major, but without pay 
and allowances of acting rank. 


On L. of C— 


2 D.D. of A.P.S., Majors or Lieut.-Colonels—Acting Colonels, but 
without pay and allowances of acting rank. 

4 A.D. of A.P.S. for Base Ports, Captains—Acting Lieut.-Colonels, 
but without pay and allowances for acting rank. 

1 A.D. of A.P.S. L. of C. (North), Captain—Acting Lieut.-Colonel, 
but without pay and allowances of acting rank. 

I D.A.D. of A.P.S. L. of C. (North), Lieutenant—Acting Major, 
but without pay and allowances of acting rank. 

I D.A.D. of A.P.S. L. of C. (South), Lieutenant—Acting Major, 
but without pay and allowances of acting rank. 


And in addition 1 D.A.D. of A.P.S. to each Army and Corps. 


RANKS AND Pay OF POSTAL SERVICE OFFICERS. 


It was decided very early in the War that it was inexpedient to 
pay Army Postal officers on a scale corresponding to their necessary 
military status, as they drew their full civil pay from Post Office 
funds in addition. Thus an officer graded as Deputy Assistant 
Director of Army Postal Services held the rank of Acting Major, 
but drew the pay and allowances of a Lieutenant and officers in higher 
appointments were similarly treated. 


POSTAL SERVICES IN THEATRES OF WAR OTHER THAN FRANCE. 


In Italy the Directorate of Postal Services consisted of a Deputy 
Director, an Assistant Director, and seven other ranks, and there 
was an allotment of postal personnel per Division as in France. 

There were also establishments of Army Postal Services in Egypt, 
Salonika, N. Russia and East Africa. 


CHAPTER VII. 


DEPOTS AND RESERVE FORMATIONS. 


Owrnc to the great expansion of the Corps of Royal Engineers as a 
whole, very large increases in the establishment of the various depdts 
were made during the War. Short accounts of the growth of each 
depét are given below. 


DEP6TS AND RESERVE UNITS FOR DISMOUNTED MEN IN FIELD 
UNITs. 


Prior to mobilization it had been decided that, after the departure 
of the Expeditionary Force overseas, there should be one Reserve 
Battalion and one Depét at Chatham. The Reserve Battalion was 
to consist of six companies and was to train recruits and supply 
reinforcements, whilst the Dep6t was to consist of two companies and 
was to receive men returned from the Expeditionary Force and 
administer the establishment of the School of Military Engineering 
and the R.E. Band. Actually the organization of the R.E. Depét at 
Chatham after mobilization remained practically the same as it had 
been in peace. That is to say, the Depdt consisted of :— 


The Reserve Battalion (A, B, C, D, E and F Companies), 
The Depét Battalion (G, L and M Companies). 


The Reserve Battalion was really the battalion, called in peace the 
Training Battalion, renamed. It dealt with the receiving and training 
of recruits. The Depdt Battalion dealt with returned Expeditionary 
Force men and men enlisted for special formations, such as Tunnelling 
Companies, Special Companies, etc. 

In consequence of the appeal for the recruiting of the first 100,000 
men, recruits came in at such a rate that the Reserve Battalion could 
not deal with the question of their accommodation. A “ Billeting 
Battalion "’ was accordingly formed, to which all men that could not 
be dealt with by the Reserve Battalion were posted. As the demand 
for reinforcements and for personnel for new units increased, it was 
found that the Reserve Battalion could not train enough recruits. 
Hence the Billeting Battalion was formed into a 2nd Reserve 
Battalion, with a similar staff to that of the rst Reserve Battalion, 
and to perform the same functions. 
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Similarly it was found that the Depét Battalion could not deal 
with the large number of men returning from the Expeditionary 
Force and the inrush of recruits for special formations. To meet the 
situation, Provisional Companies were formed. Subsequently, to 
facilitate administration, these Companies and the Companies of the 
original Depét Battalion were formed into two groups of Depét 
Companies: No. I group consisted of G, L and M Depét Companies, 
and one Provisional Company, and No. 2 group of four Provisional 
Companies. 

As the formation of the New Armies proceeded, it became impossible 
to train at Chatham all the R.E. dismounted recruits required. 
Two additional Dismounted Training Centres were therefore formed— 
one at Newark and one at Deganwy. 

There were also 2nd and 3rd Line Field Companies of the Territorial 
Force which trained and supplied drafts for the 1st Line Field Com- 
panies, T.F., overseas. In December, 1916, these units were grouped 
into five Command Groups of Reserve Field Companies, R.E., T.F. 
During 1917 it became apparent that this dual organization was 
wasteful, and as early as March, 1917, drafts of Regular and of the 
Territorial Force were used indiscriminately for reinforcing units 
overseas. 

In January, 1918, the Western, Northern, Eastern and London 
Command Groups were abolished, and the remaining R.E. Training 
Centres, Reserve Battalions, and Command Groups were reconsti- 
tuted into eight Reserve Battalions as follows :—~ 


Old Unit. New Unit. Station. 
Ist Reserve Battalion ... rst Reserve Battalion ... Chatham. 
2nd Reserve Battalion ... 2nd Reserve Battalion ... Chattenden. 
R.E. Training Centre ... 3rd Reserve Battalion ... Newark. 
R.E. Training Centre ... 4th Reserve Battalion ... Deganwy. 


Southern Command 
Group of Reserve 


Field Companies _... 5th Reserve Battalion ... Christchurch. 
Scottish Command Group 
of Reserve Field 
Companies... ... 6th Reserve Battalion __... Irvine. 
Royal Monmouth 
R.E.S.R. ee ... Royal Monmouth Reserve 
Battalion de ... Monmouth. 
Royal Anglesey R.E.S.R. Royal Anglesey Reserve 
Battalion ... Beaumaris. 


The establishments of all these Battalions were drawn up on similar 
lines. A large saving of personnel resulted, training of all recruits 
was carried out on the same lines and administration was facilitated. 
In October, 1918, the 5th Reserve Battalion at Christchurch was, as 
has already been mentioned, abolished to make room for a Bridging 
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Training Centre for two Bridging Battalions, for work with the Tank 
Corps. 

When the above reorganization of Reserve units took place it was 
decided that all personnel not actually undergoing training or await- 
ing draft should be removed from the Reserve Battalions and posted 
to No. 1 Group Depé6t Companies. This had the effect of making G 
Company of an unwieldy size, so a new Company, called Q Company, 
was formed to take the overflow of men from G Company. At the 
same time another company, called J Company, was added to No. 1 
Group Depét Companies to administer all low-medical category 
personnel of the Royal Engineers employed on Works Services and 
in Commands at home. The formation of these two companies 
relieved the Reserve Battalions of all purely depé6t work, and left 
them free to carry out their proper function of training men for 
drafting. 


MOUNTED TRAINING DEPOT, ALDERSHOT. 


Although this Depét did not increase as rapidly as the Dismounted 
Depét in the months following mobilization, it became necessary 
in I915 to form an additional Mounted Depdt at Aldershot, larger 
than the one already existing, for the purpose of training the Mounted 
personnel required for the New Armies, and for the provision of 
reinforcements. The old and new Depédts were in_ practice 
administered as one large Depdt, the staffs being combined. The 
combined Depét trained the whole of the mounted personnel (other 
than mounted personnel for Signal units) required for reinforcements 
and for new units (exclusive of Territorial Force units). On the 
reorganization of the R.E. Reserve units in January, 1918, all training 
of drivers for both Regular and Territorial Force reinforcements was 
concentrated at Aldershot. : 


SPECIAL RESERVE DEPOTS. 


At the outbreak of war the following Special Reserve Units 
existed :— 


Royal Anglesey R.E.S.R. (Beaumaris): | Headquarters 
1 Depédt Company. 
1 Siege Company. 
I Railway Company. 
Royal Monmouthshire R.E.S.R. (Monmouth): Headquarters. 
1 Depét Company. 
I Siege Company. 
2 Railway Companies. 


The Railway Companies proceeded to France with the original 
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Expeditionary Force, and eventually were absorbed into Transporta- 
tion Services. 

Three additional Siege Companies were raised at the Depét of the 
Royal Anglesey R.E. and three additional Siege Companies and two 
Army Troops Companies at that of the Royal Monmouth R.E. 
There were thus, in all, eight R.E.S.R. Siege Companies. Two were 
in the Mediterranean, and subsequently became Field Companies in 
the 74th Division in Egypt and France. The other six were in France 
and were each equivalent in strength to two Army Troops Companies. 
The two Army Troops Companies raised at the Royal Monmouthshire 
Depot also were in France. 

In January, 1918, the Depdts at Beaumaris and Monmouth, as 
mentioned above, became Reserve Battalions for training general 
R.E. reinforcements. 


SPECIAL BRIGADE DEPOT. 


This Depét was formed at Withnoe, near Devonport, in June, 1916, 
to provide reinforcements for and deal with returned Expeditionary 
Force men of the Special Brigade. It was at first called ‘‘ Reserve 
Company, Special Brigade.’’ Originally it provided detachments for 
work at the Porton and Wembley Experimental Stations, which 
were then directly under the Ministry of Munitions. In July, 1917, 
however, the Portonand Wembley Establishments were made distinct 
R.E. units, entirely separate from the Depédt at Devonport. An 
increased establishment for the Special Brigade Dep6t was published 
in January, 1918. In February, 1918, the Anti-Gas Establishment 
became a R.E. unit, and was considered as part of the Special 
Brigade. 


SIGNAL SERVICE DEPOTS. 


On the departure of the original Expeditionary Force overseas a 
Reserve Signal Company was formed at Aldershot. Owing, however, 
to the formation of the New Armies and the enormous growth of 
the Signal Service, it became necessary to move this company to 
stations affording greater facilities for training and accommodation, 
and to expand it into a Signal Service Training Centre. The head- 
quarters of this Centre were at first at Woburn. In the neighbour- 
hood were six Depéts which dealt with personnel in various stages 
of training. Later the draft-producing units of Territorial Force 
Divisional Signals were transferred to the Training Centre and a 
general pool formed from which reinforcements for Regular and 
Territorial Force units were supplied. The draft-producing units 
of the Australian, South African, and New Zealand Divisions were 
also transferred to the Training Centre, but they produced drafts 
for their own units overseas only. 
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In October, 1917, the H.Q. of the S.S.T.C. was moved to Bedford, 
and Depéts established as follows :—- 


Bedford A—Recruits Depot. 

Bedford B—Signalmen and Field Linesmen. 
Bedford C—Operators. 

Biggleswade—Air Line and Permanent Line. 
Haynes Park—Riding, Driving, Saddlers, etc. 
Haynes Park—Switchboard Operators. 
Haynes Park—-Cadet Battalion. 
Hitchin—-Drafts and formation of new units. 


The Wireless Training Centre, which had hitherto been at Worcester, 
was moved to Fenny Stratford, and incorporated in the S.S.T.C. in 
August, 1917. In March, 1918, a new Depdt was formed at Welling- 
borough for training motor-cyclists. They had previously been 
trained at Dunstable. The Army Signal School for training officers 
and N.C.O.s of all arms as instructors in signalling was then formed 
at that place, and brought under the Signal Service Training Centre 
Headquarters. 


DEPOTS OVERSEAS. 


R.E. Depéts were formed in most theatres of war. In France a 
General Base Depét to administer 900 men, with permanent staff, 
was at first formed, and it was subsequently expanded. 


CHAPTER VIII. 


OFFICERS—ENGINEER STAFFS WITH FORMATIONS OF 
THE EXPEDITIONARY FORCE. 


OFFICERS, FIELD AND L. oF C. UNITs. 


PRIOR to the War, the normal supply of Regular officers, R.E., was 
30-35 annually from the R.M.A., Woolwich, and 1-3 annually from 
the R.M.C., Kingston, Canada. Inaddition, 20-25 commissions in the 
Special Reserve were annually given to candidates recommended 
as being technically qualified by the President of the Institution of 
Civil Engineers. 

Immediately after the commencement of hostilities it was found 
necessary to increase the output of officers, and the length of the 
course at the R.M.A. was reduced to six months, whilst the further 
course of instruction at the S.M.E. for young officers was reduced 
from two years to six months. 

Commissions in the Special Reserve and temporary commissions 
were given to candidates selected as follows :— 


(1) Candidates interviewed and recommended by the President 
of the Institution of Civil Engineers. 

(2) Candidates who were members of University O.T.C.s who 
possessed an engineering degree and were recommended by 
the O.C. of the Corps. 

(3) Candidates from abroad with practical engineering experience 
after being interviewed by A.G.7, War Office. 


The maximum limit of age was fixed at 30, though exceptions 
could be made in special cases. 

The S.R. and T.C. officers, after being commissioned, were sent in 
classes of 35-40 to the S.M.E., Chatham, for a course of seven weeks’ 
training in drill, riding, and military engineering, and were then 
posted straight to units; the length of the training course was 
increased to 11 weeks in 1915, whilst in June, 1915, additional classes 
were formed at Newark in order to cope with the increased demand. 

This procedure continued until the Military Service Act of 1916, 
when the General Staff decided that candidates for commissions 
should first pass through a cadet course of instruction before being 
commissioned. 
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CADET CLASSES. 


Cadet classes were accordingly formed at the three R.E. Centres, 
Chatham, Newark, and Deganwy, comprising 35 in a class; the 
length of the course was fixed at 11 weeks, and was subsequently 
extended to 16 weeks. The cadets in these classes were- 
officers of other branches seeking transfer to the R.E. and soldiers 
serving for the duration of the War who had been recommended as 
suitable for officers—-soldiers serving on pre-war attestations were not 
eligible for temporary commissions until May, 1918, when these 
commissions were opened to them. Candidates were obtained in 
equal proportions from Home and Expeditionary Forces, and were 
interviewed by a C.R.E. before being accepted for cadet classes, 
and interviewing by the President of the Institution of Civil 
Engineers was discontinued. The technical qualification required 
in a candidate was chiefly civil engineering, but a small proportion 
of electrical and mechanical engineers were accepted for the purpose 
of officering the units, e.g., Electrical and Mechanical Companies, 
which required these qualifications. 


CADET BATTALION. 


In May, 1917, the selection of candidates for the cadet course was 
taken over by the General Staff, a R.E. officer being appointed G.S.O. 3 
in S.D. 3 for this purpose, whilst the cadet units were concentrated 
at Newark into a Cadet Battalion of four Companies of 80 cadets 
each, and the length of the course of instruction gradually increased 
to six months. 

Officer transfers were not admitted to the Cadet Battalion, but 
were formed into a separate class at Deganwy for courses of three 
months’ instruction in engineering subjects, which were later increased 
to four months. 


TERRITORIAL OFFICERS. 


Early in 1917, the administration of the R.E.T.F. officers, which 
had hitherto been carried out by the Territorial Branch at the War 
Office, was taken over by A.G. 7, and the commissioning of the 
officers, who, up to this time, were nominated by the Presidents of 
T.F. Associations, shortly afterwards followed the procedure for S.R. 
and T.C. officers. 

The officers were divided into several distinct branches and were 
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not interchangeable, each branch having its separate promotion lists 
as follows :— 
1) Field Units. 
(i1) Fortress Units. 
: (a) Electric Light. 
(6) Works. 
(iii) Signal Units. 
(iv) London Electrical Engineers. 
(v) Tyne Electrical Engineers. 


Officers of (i) on being commissioned were sent to their Reserve 

Field Company Group and used as reinforcements for the Field 
Companies overseas ; officers of (ii) to the 3rd Line units and used 
for the officering of the Coast Defence units ; officers of (11) to the 
Signal Service Training Centre for officering their Signal units at 
home and overseas ; and officers of (iv) and (v) to the London and 
Tyne Electrical Engineers Depots for officering the Coast Defence 
-units. 
’ On the formation of the Anti-Aircraft Searchlight Sections at 
home and in France the officers were drawn from the Coast Defence 
units and from the Depots of the London and Tyne Electrical Engin- 
eers and, later on, the London and Tyne Electrical Engineers were 
made the Depots for all Anti-Aircraft Searchlight officers and an 
Anti-Aircraft Searchlight School was formed at Gosport for the 
training of these officers. 

The Reserve Field Company Groups were abolished at the end of 
1917 and the officers distributed amongst the R.E. Reserve Training 
Centres which were formed in their place—the officers were made 
available to serve in any Field unit, Regular or Territorial. 


OFFICERS, SIGNAL SERVICE. 


Amongst the Regular young officers from the R.M.A., Woolwich, 
the same proportion as before the War (30°%) were selected for 
Signal Service, and after two months’ training at S.M.E., Chatham, 
were sent to the Reserve Signal Depot, Aldershot, for a further four 
months’ training. 

Candidates for S.R. and temporary commissions were selected as 
follows :— 

(1) Candidates from the University O.T.C.s who were recommended 
7 by the O.C. of the Corps and possessed a knowledge of 

signalling, telegraphy or electricity. 

(2) Candidates from abroad who had been employees of the big 
telegraph companies or in Government telegraph depart- 
ments. On being commissioned they were sent to the 

—_ Reserve Signal Depot, Aldershot, for a course of seven weeks 
before being posted to their units. 
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In 1915, when the Reserve Signal Depét at Aldershot was broken 
up, and the Signal Service Training Centre at Bedford was formed, the 
classes for officers were continued at the latter place, and the length 
of the course for S.R. and T.C. officers extended to 12 weeks, and later, 
when the Cadet units were introduced, alternate classes of cadets 
and officers of other branches of the service were formed and the 
length of the courses extended finally to six months. 


OFFICERS, TUNNELLING COMPANIES. 


Early in 1915 it was found necessary to raise specialized Tunnelling 
Companies for the mining operations in France, and, in order to obtain 
the most suitable material for the officering of these Companies, all 
the mining institutions in Great Britain were circularized for recom- 
mendations, whilst candidates from abroad with mining experience 
who had been employed in responsible positions were specially ear- 
marked for temporary commissions in these companies. A special 
office, designated the “ Tunnelling Depét,’’ was formed in London, 
where all candidates for commissions were examined regarding their 
technical qualifications before being sent to A.G. 7, War Office, for 
final interview. At first the service was so urgent that it was only 
possible to give the officers about a week’s military instruction at 
Chatham before sending them to France, where technical knowledge 
was the principal requirement, but when the immediate urgency was 
over, officers were sent for a 12 days’ course in Mine Rescue work at 
Dudley before being sent to Chatham for a fortnight’s course of 
railitary instruction, whilst later the Mine Rescue classes were trans- 
ferred to Chatham and the total course lengthened to five weeks. 
Finally, the “ Tunnelling Depét ’’ was abolished and candidates were 
sent as cadets to the R.E. Cadet Battalion at Newark for a three 
months’ course befere being selected for the Mining and Mine Rescue 
course at Chatham. 


OFFICERS, OTHER SPECIALIST UNITS. 


The officers of other specialized services, such as Special Brigade, 
Field Survey Battalion, Camouflage Park, Meteorological Section, 
Forestry Directorate, Carrier Pigeon Service, etc., were obtained 
either by transfer of officers from other branches of the service 
possessing the special technical qualifications required, or by com- 
missioning suitably qualified civilians and sending them to France, 
where they were instructed in the duties of their particular branch 
and in such military details as were considered necessary. Depdts 
were afterwards formed for the Special Brigade, Survey Battalions 
and Meteorological Sections respectively, where additional instruction 
was given to officers before proceeding overseas, and, when the cadet 
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organization was introduced, candidates were sent for a cadet course 
with an Infantry Officer Cadet Battalion before being commissioned 
and joining their respective Depéts. 


FIELD ENGINEERS. 


In the early days of the War, these officers were required on the 
staff of the C.E.s of Armies and Corps overseas for special duties in 
connection with hutments, roads, water supply, camps, etc., and were 
selected by A.G. 7 from Civil Engineers of high technical ability up 

.to the age of 45. They were given temporary commissions as 
Lieutenants or Captains, R.E., and sent overseas without any 
military training. 


OFFICERS OF THE LABOUR BATTALIONS, R.E. 


Eleven of these battalions were raised from men of the navvy class, 
and the officers were selected from civil engineers and contractors 
by F.W. Branch. No age limit was fixed, and they were given direct 
commissions as Lieutenants and Captains, R.E., and sent to the 
assembly place of the battalions at Southampton, whence they 
proceeded overseas as the battalions were completed. These 
battalions were later transferred to the General Labour Corps. 


ROYAL ANGLESEY AND ROYAL MONMOUTHSHIRE ROYAL ENGINEERS. 
(SPECIAL RESERYVE). 


These were the only Special Reserve R.E. units in existence before 
the War, and they were expanded during the War from four to ten 
companies. The extra officers required were at first nominated by 
the O.C.s of the units, given direct commissions in the Special Reserve, 
and trained at the Depéts at Beaumaris and Monmouth, but when 
the cadet organization was introduced, candidates were selected and 
trained in the same way as other S.R. and T.C. officers, and earmarked 
for these units at the request of the C.O.s. 


COMBING OUT. 


In the middle of 1917, arrangements were made to replace, as far 
as possible, all fit officers of the R.E. Units of the Home Service 
Divisions and Mixed Brigades (at home) by unfit officers from the 
Reserve Training Centres, so as to make the former available for 
drafting overseas. Early in 1918, a comb out of the officers of the 
Fortress units on Home Defence who were fit for General Service 
and under the age of 36 was made; and these officers were sent to 
Deganwy for a four months’ course of instruction, before being made 
available for drafting overseas, and were replaced by wounded and 
unfit officers from the Reserve Training Centres. The officers em- 
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ployed on Engineer Services at home were treated in the same way, 
but it was not found possible to extend the same policy to officers of 
the Anti-Aircraft units in England, as there were no wounded or 
unfit officers with the necessary qualifications and training to replace 
them. 

RELEASES. 


A large number of R.E. officers were applied for by the Ministry 
of Munitions throughout the War for work in the Ministry itself or 
with controlled firms. The policy was to allow officers to go, if 
unfit, until they became fit for general service ; but it was found a 
matter of difficulty to induce the Ministry or controlled firms to 
release them when they became fit. 


EXCHANGES. 


Towards the end of 1917, a system was inaugurated of bringing 
home from Expeditionary Forces senior officers who were suffering 
from the strain of active service, and either posting them to home 
appointments for the duration of the War, or retaining them for a 
tour of six months before again sending them overseas. In the 
former case they replaced retired officers who were relegated to the 
Retired List. Early in 1918, the system of six months’ home service 
tours was extended to officers of all ranks of the Field and Signal 
Service Units, and exchanges effected on completion of the tour. 


DRAFTING. 


In order to replace casualties in the Field, “ pools” of officers 
were formed at the bases of Expeditionary Forces, and these pools 
were maintained by demands in bulk on the War Office. The demands 
were met from the different Reserve Training Centres and Depdts 
according to the number of officers available at each. The Reserve 
Training Centres were maintained by posting newly commissioned 
Temporary and Territorial officers and officers invalided from 
Expeditionary Forces on becoming fit for duty again. Exclusive of 
new formations, the following are approximately the numbers of 
officers sent overseas in response to demands from Expeditionary 
Forces :— 

Igtq. 1915. 1916. 3r917. 1£«°1918. Total. 


Field Units ate “23 181 438 862 940 2444 
Signal Units me: 22 124 303 401 584 1434 
Tunnelling Units ... — 141 351 202 gI 785 
Special Brigade Units — 13 2i 70 89 193 
Miscellaneous we §=638 239 34 209 93 613 


a ce mmm em SE 


83 698 1147 1744 1797 5469 


ay —— —_— 
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ENGINEER STAFFS WITH FORMATIONS OF THE EXPEDITIONARY 
FORCES. 


The 1914 War Establishments and Field Service Regulations 
contained little on the subject of R.E. organization ; in fact, the word 
‘‘ Engineers ’’ did not appear at all in the index of F.S. Regulations, 
Pt. Ii. The original Expeditionary Force was accompanied by one 
Brigadier-General, R.E., with G.H.Q., and a Colonel, R.E., with the 
Headquarters at each of the two Corps. These officers were charged 
with the duty of giving “‘ technical advice on Engineer matters,” but 
they had no administrative powers or executive authority of any 
kind, and in each case their staff consisted of one clerk only. The 
Engineer units in each Division were commanded by a C.R.E., whose 
duties and staff remained substantially unchanged throughout the 
War, and, despite various proposals and recommendations, until the 
present day. 

The only Engineer officer to whom the powers of a Diecor were 
given was the Director of Works, whose duties were confined to the 
J.ines of Communication and Bases. The story of the development 
of this Directorate is told fully in the volume entitled ‘‘ Work under 
the Director of Works—France,”’ and will not be referred to again 
here. 

It will be clear that there was, thus, a large gap in Engineer 
control in the field, since no authority existed between C.R.E.s 
of Divisions and the Director of Works on L. of C. Practically this 
state of affairs was changed almost at once, for the B.G.R.E. and 
Unit Engineers perforce assumed executive duties and financial 
responsibility, which were not officially given to them till a much 
later date. The rapid growth and expansion of the Army is de- 
scribed in other parts of this book, but for the utilization, control and 
superintendence of the ‘vastly increased Engineer personnel and 
material, no organization had been provided. 

When the Ist and 2nd Armies were formed at the beginning of 
Ig15, the establishment did not at first provide for even a Royal 
Engineer technical adviser ; the two Corps Commanders who were 
promoted to command the Armies carried off with them their 
Engineer staffs, and eventually official sanction was given for Army 
Engineer staffs. 

In January, 1915, the title of B.G.R.E. at G.H.Q. was changed 

o ‘“‘ Chief Engineer Expeditionary Force,” and the Colonels, R.E., 
attached to Corps Headquarters, were also given the title of Chief 
Engineer. A little later all these officers were formally granted the 
powers of a Director of Works. In April of the same year the Chief 
Engineer at G.H.Q. was renamed Engineer-in-Chief, with the rank 
of Major-General, and Chief Engineers of Corps and Armies became 
Brigadier-Generals. At a later date Army Chief Engineers were 
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given the rank of Major-General, and these were the grades that 
existed at the end of the War. It would scarcely be possible or 
profitable to trace in detail the development of the staff of the 
Engineer-in-Chief and Chief-Engineers, but some of the principal 
features will be mentioned shortly. At G.H.Q. the first pressing 
need was to collect Engineer information, which was almost entirely 
lacking, and to produce an organization for dealing with the repair of 
roads and bridges in an advance.' Very soon, too, a vast amount of 
administrative work had to.be done in connection with the provision 
and distribution of new units and Engineer personnel, and by the 
middle of 1915 the staff of the E.-in-C. had grown from one clerk to 
four officers and 15 clerks and draughtsmen ; by the end of the War 
these numbers were multiplied by five. 

Special technical officers were continually called for ; thus, early 
in 1915,a qualified Bridge Engineer was brought in ; in June, 1915, a 
Geological Adviser, especially for water supply, was obtained through 
the Director of the Geological Survey of England, and in 1916 a 
second geologist was added for work in connection with mining. 
Mining operations assumed such importance that a special staff, 
headed by an Inspector, grew up under the Engineer-in-Chief, and 
by 1916 this alone amounted to six officers and eight clerks and 
draughtsmen. In 1918 a special Inspector of R.E. Machinery, who 
also acted as Water Supply Adviser to the E.-in-C., was appointed 
to co-ordinate the work of the Army Electrical and Mechanical 
Companies. a 

Also in the summer of 1918 an additional Assistant Engineer-in- 
Chief (Lieut.-Colonel) was appointed to organize and control the work 
of the special concrete units? whose work was expected to assume 
great importance during the coming winter. (See section of this 
volume headed ‘‘ Concrete Defences and Factories.’’) 

“ New Establishments were approved not very long before the 
Armistice, a copy of which is given below :— 


GENERAL HEADQUARTERS, IST ECHELON. 
ATTACHED TO G.H.Q. 


R.E. 
Engineer-in-Chief __.. oe I 
Deputy Engineers-in-Chief (a) a re sa aie ‘et 2 
Assistants to Engineer-in-Chief (5) . a es sa is 4 
Staff Officers to sees Chief (c ) su — sa 2 
Clerks ... aay sat sie bes ae Si 31 
Batmen aks mae as oe oT fu II 


Drivers, A.S. C., M. T.. 


1 See volume entitled ‘‘ Bridging.”’ 

3 See volume entitled ‘‘ Water Supply—France.”’ 

5 These Companies were lent by the D.G. Transportation, and are not, saeatore: 
referred to in the general account of the development of the Corps. 
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Mines. 
Assistant Inspector (8) bad 
Assistant Inspector (Captain) 
Mechanical Engineer (Major or Captain) 
Geologist (Major or Captain) Sea 
Medical Officer ee Rescue ag le 
Clerks ... ; 
Batmen 
Drivers, A.S. C., M. T.. 
Attached Officers @) 
Batmen bes wie “os das adi Bie 
Driver, A.S.C., MT. aes aie ans 
(a) aa te to be sinus of Mines. 
(6) Lieutenant-Colonels (Class X). 
(c) x Class BB., 1 Class FF. 
(2) x Lieutenant-Colonel, 4 Majors or Captains R.E. 


Hwan Ww OH HH HM He MH 


As regards Chief Engineers, a long time elapsed before any fixed 
establishment was approved. Early in 1915 three Field Engineers 
were attached to each Corps Chief Engineer, one of whom acted as 
staff officer, while the other two dealt with roads, bridges and water 
supply behind Divisional areas. Later a fourth was added in some 
cases to take charge of hutting. A clerk and draughtsman were also 
provided during this year. 

In 1916 the extensive preparations for the Battle of the Somme 
necessitated special staffs being formed under the Chief Engineers 
of the Third and Fourth Armies for water supply and roads. 
Important changes took place in 1917 in two respects. The 
formation of the Transportation Directorate relieved Chief Engineers 
of responsibility for road maintenance. At the same time the forma- 
tion of Army Electrical and Mechanical Companies and Workshop 
Companies, and also of additional Army Troops Companies for 
hutting and other constructional services, threw an increasing 
amount of administrative work on Chief Engineers, and this led to 
the appointment in both Armies and Corps of a C.R.E., Army (or 
Corps) Troops, with an Adjutant and small clerical staff. About 
the same time the staff officers to Chief Engineers were given formal 
staff gradings, the $.O.R.E., Army, being graded as a D.A.A.G., and 
S.O.R.E., Corps, as a Brigade-Major. These were subsequently 
altered to the grades shown in the Establishments below, which are 
those that existed at the time of the Armistice :— 


HEADQUARTERS OF AN ARMY. 
ATTACHED TO HEADQUARTERS OF AN ARMY. 


Chief Engineer ie ca sia I° 
Staff Officer to Chief Engineer (Class B. B. sie de re I 
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Field Engineers (a) 

Clerks ... 2 

Commanding Royal Engineer (Lieut. ~Colonel) 
Adjutant (Captain or Subaltern) oe 
Clerks and Draughtsmen 

Controller of Mines... a 

Assistant Controller of Mines 

Clerks ... 


(2) 2 Majors, 2 Captains. 


HEADQUARTERS OF A CORPS. 
ATTACHED TO HEADQUARTERS OF A CORPS. 


Chief Engineer (Brigadier-General) (d) ses 
Staff Officer to Chief ee oat FF. ) 
Field Engineers (c) : 
Engineer Clerks 

Draughtsman ... 

Commanding Royal Engineer (Lieut. -Colone! 
Adjutant (Captain or Subaltern) 

Clerks and Draughtsmen ... uae ses 


(b) Acts as technical adviser in Engineer matters. 


(c) x Major, x Captain, r Lieutenant. 


Ne HD HH 


Hoe eH HOW YH eH 


CHAPTER IX. 
ADMINISTRATION. 


OFFICE OF A.A.G., RE. 


~~ 


THE branch of the War Office designated A.G. 7 came into existence 
in the year 1846 to administer the personnel of the Corps of Royal 
Engineers. Up till 1904 the A.A.G., R.E., acted directly under the 
Adjutant-General. From that year the branch came under the 
Director of Personal Services and the Director of Recruiting and 
Organization, and so continued up to and during the War. 

At the outbreak of the War the branch consisted of the A.A.G., 
a superintending officer, and nine clerks. On mobilization it was 
immediately increased by one Staff Captain and six clerks, and by 
the end of the War had expanded to a total establishment of nine 
officers and 37 clerks. Up till May, 1917, the work of the branch was 
not definitely subdivided. The most important work during the 
period was the formation of new units. It was necessary for the 
A.A.G., R.E., to keep in the very closest touch with the O. i/c R.E. 
Records. The latter, therefore, visited the former at least once a 
week to discuss outstanding questions. This worked fairly well, 
but all statistical and other information about “ other ranks ” which 
was required had to be obtained from the Record Office, and this 
caused difficulties and delays. The branch was therefore reorgan- 
ized into two sub-branches as follows :—-A D.A.A.G. [A.G. 7 (a) J 
was appointed to deal with all work concerning officers, and an 
officer was brought from the Record Office and appointed D.A.A.G. 
[A.G. 7 (b)] to deal with all “ other ranks’’ work. This latter 
sub-branch developed a statistical bureau of its own, so that informa- 
tion required in considering man-power requirements, combing out, 
drafting, etc., should be more readily available. 


RECORD OFFICES. 


The original R.E. Record Office which existed prior to the War 
was largely augmented as the War proceeded, and when the formation 
of the New Armies commenced in August, 1914, a second Record 
Office was established, also at Chatham, to deal with them. In 
May, 1915, the two Record Offices were amalgamated into one, which 
dealt with all R.E., except the R.E. (T.F.), till February, 1917, when 
it took over the record work of the Territorial R.E. also. In January, 
1918, a separate Record Office to deal with the personnel of the R.E. 
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(Transportation) was formed in London, and relieved the main R.E. 
Record Office of all work in this connection. Base Record Offices 
were formed during the War in France, Egypt and Salonika, their 
establishments depending on the number of Divisions in each theatre 
of war. 

DRAFTING. 


During the latter part of 1917, the preparation and ordering of 
drafts (other ranks) was taken over by the A.G.7 (b) sub-Eranch 
from the O.i/c Records. Demands for officer reinforcements were 
dealt with by the A.G.7 (a) sub-branch, where it was decided from 
which Reserve Training Centre the officer reinforcements were to 
be sent. ; 

; CoMBING OUT. 


Combing out of officers is dealt with in the Chapter relating to 
officers. As regards other ranks, it became necessary early in 1917 
to comb out A category men from units at home and send them over- 
seas. At this time the R.E. units at home were nearly all Territorial 
units full of A category men, who had enlisted on Territorial engage- 
ments for home service only, but who had become liable for service 
overseas on the passing of the Military Service Acts. Low category 
men were enlisted or transferred from other arms and, when trained, 
were used to replace the A category men referred toabove. Towards 
the end of 1917 combing out was extended to Br category men. 

Most of the men combed out were utilized as reinforcements for 
R.E. overseas. Some, however, were transferred to other Corps. 
Thus 5,000 men were transferred to the Infantry in November, 1916, 
8,000 to Pioneer Battalions in July and August, 1917, and 2,000 to 
the Tank Corps early in 1918. 


SUPPLY OF TRADESMEN. 


During the first two years of the War no difficulty was experienced 
in getting tradesmen in sufficient numbers. This was because under 
the voluntary system tradesmen preferred to enlist in the R.E., and 
men could be spared from civil workshops. From the beginning of 
1917, however, the supply fell off owing to the protection of most 
classes of tradesmen in Munition and other works, and to the fact 
that tradesmen in Category A who came up for service were posted 
to Infantry unless they were in a trade (e.g., electrician) to the mem- 
bers of which a pledge had been given that when called up they 
would be employed in a technical Corps. The shortage was most felt 
in blacksmiths, and other important trades which were also short 
were carpenters, bricklayers and plumbers. len of other trades, 
and pioneers, were sent overseas in lieu of men of the trades in which 
there was a shortage, and the War did not last long enough for any 
serious inconvenience to be caused by this dilution. 
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RELEASES. 


During the War a very large number of men were released from 
the R.E. to work in a civil capacity. Men were released for munition 
work, agriculture, ship building, mining, and many other functions. 
Only a small percentage of these men ever returned to the Colours. 
The R.E. being composed mainly of tradesmen, a larger number in 
proportion to the total strength was taken from the R.E. than from 
other arms. The total number of men released from the R.E. to 
various classes of the Army Reserve in this way was approximately 
7,900. This figure does not include large numbers lent to various 
departments and granted leave for the purpose, nor 10,000 attested 
Post Office men, nor men released for agricultural furlough by O.C.s 
units, nor men released for indefinite periods for duty with the 
Labour Corps. . 

PROMOTION (OTHER RANKS). 


During the War the R.E. Corps Promotion Roster for Old Army 
N.C.O.s was not expanded. All Old Army warrant officers, N.C.O.s 
and men only received substantive promotion as vacancies occurred 
on the Corps Roster. 

New Army and Territorial N.C.O.s received substantive promotion 
within the establishments of units in which they were serving, pro- 
vided the vacancies they filled were caused by certain casualties of a 
more or less permanent nature. This applied to units in the theatres 
of war only. 

Old Army N.C.O.s filling vacancies as above were, under instruc- 
tions issued in 1917, given acting rank, which they were allowed to 
retain for six months after relinquishing their appointment through 
sickness, wounds, etc. In September, 1918, such N.C.O.s were given 
temporary instead of acting rank, and the six months’ limit for reten- 
tion of rank was abolished. 

Promotion at home was “ acting ’”’ only, except promotion of Old 
Army N.C.O.s on the original Corps Roster. On proceeding overseas 
the acting rank was relinquished, unless the N.C.O. went overseas 
with a unit or in exchange for an N.C.O. serving overseas. In 1918, 
however, instructions were issued allowing N.C.O.s drafted overseas 
to retain their acting rank for one month after disembarkation. If 
they were not absorbed in their rank in a unit in that time they were 
required to revert to their substantive rank. 

The promotion of N.C.O.s serving overseas but not with an Expedi- 
tionary Force was ‘‘acting’’ only till June, 1918, when it was 
brought into line with promotion of N.C.O.s in theatres of war. No 
substantive promotion to Warrant Officers, Class I., was given except 
to Old Army W.O:s, Class II., to fill vacancies on the Corps Roster. 
All other vacancies were filled by promotion to the temporary rank 
of W.O. Class I. 


GROWTH OF THE ROYAL ENGINEERS. 


(a) REGULARS AND SpRcIAL RESERVE. 


rst August, 
1916. 


Ist August, 
1915. 


IgI4. 


1st August, 


8,886 
230,500 


6,823 
154,361 


3,049 
82,932 


1,056 
10,394 


Other ranks 


Total strength :— 
Officers ... ae 
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GROWTH OF THE ROYAL ENGINEERS—continued. 


(c) REGULARS, SPECIAL RESERVE AND TERRITORIAL FORCE (EXCLUSIVE OF THE 
Royal ENGINEERS, TRANSPORTATION BRANCH). 


Ist August, 1918. 


Total strength :— 
Officers és Sac 
Other ranks soe Ne 


Description of Units. 


Depéts ose aoe oe | 24 

Field Companies eee eee coe | 23 

Field Company (R.M.R.E.)... see 

Field Company (R.A.R.E. 

Field Squadrons ie eee 

Field Troops ... es das 

Army Troops... 

Army Troops (R.M.R.E.) ; 

Siege Companies (R.M.R.E.) 

Siege Companies (R.A.R.E.) 

Inspector of Searchlights 

Field Searchlight Companies si 

Overseas Branch Ordnance sey 
Company ; ‘es ‘ 


CO 


NReWW NSW 


Survey Companies ... eos “mn 
Topographical Section one eee 
Printing Companies ee vee 
Printing Sections... “nd 
Bridging and Engineer Field Parks 
Bridging School ies see ee 
Advanced Park Companies 
Base Park Companies 
Pontoon Park Companies ... 
Electrical and Mechanical Cos, 
Water Boring Companies 
Water Supply Companies 
Sound Ranging Sections se 
Reserve Battalions (35 Companies) 
Reserve Battalion (R.M.R.E.) (3 
Companies) cee 
Reserve Battalion (R. ‘A. R.E. ) (3 
Companies) I 
Group Depét Companies (rx Cos. ) 2 
Foreway Companies Xs vs 10 
Tunnelling Companies eee | 25 
H.Q. Special Brigade (Chemists) Sis I 
Battalions Special Brigade (16 Com- 
anies) (Chemists) 
“Z”’ Special Company (Chemists) — 
H.Q. Special Companies (Chemists) 
Special Factory Section meet 
Special Store (Chemists) .., 
Anti-Gas Service (Chemists) 
Gas Directorate (Chemists) cee 
Meteorological Sections ses due 
Special Works Park ... TT ase 
Land Drainage Company ... vee 
Artisan Works Companies ... 
Establishment of Controller of Mines 
Army Mine Schools . eee ies 


_ 
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11,830 
225,540 


Serving in Colonies, 
Salonika. 


Serving at Home. 
Serving in France. 
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Mesopotamia. 


East Africa. 


Italy. 
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GROWTH OF THE ROYAL ENGINEERS—Continued. 


(c) REGULARS, SPECIAL RESERVE AND TERRITORIAL FORCE (EXCLUSIVE OF THE 
Roya. ENGINEERS, TRANSPORTATION BRANCH). 


Lescription of Units. 


Forestry Control for Army Areas ... 


L. of C. Forestry Group 
Directorate of Forestry 
L. of C. Forests ° re 
Forestry Companies ... fae 
Anti-Aircraft Searchlight Cos. 


Anti-Aircraft Searchlight Sections ne 


R.E. Workshops 

Electric Light Section gn 
Base Army Anti-Gas School 
Divisional Army Anti-Gas Schools 
G.H.Q., 3rd Echelon 

General Headquarters 

H.Q. R.E., Hockwold 

Divisional H.Q. Engineers 


H.Q. Guards Divisional Engineers _ 


Postal Sections ; 
Entrenching Battalion 

17th Corps Laundry <A 
Indian Expeditionary Force 
G.H.Q. Kennels ry 
Fortress Companies ae 
Fortress Works Companies ... 
Works Companies 


““H” Company (K.G.O. “ Sappers 


and Miners)... 
Cinema Company 
Emergency Sections so 
Tyne Electrical Engineers ... 
London Electrical Engineers 
R.E. Cadet Battalion ia 
Experimental Company (Esher) 


Motor Cyclists (Command and Home 


Defences) ... ; 


H.Q. Staffs Group Reserve Field 


Company 


School of Electric Light (Stokes Bay) 


R.E. Section (Yatesbury) 
R.M. College (Camberley) ... 
R.M. Academy (Woolwich) 
Base Signal Depéts ... v7 
Signal Service Training Centre 
Divisional Signal Companies 


Cyclists Divisional Signal Company | 


G.H.Q. Signal Companies 
Army H.Q. Signal Companies 
Reserve H.Q. Signal Company 
Army Corps Signal Companies 
Indian Army Corps Signal Cos. 
Army Signal Schools... asa 
Corps Signal School . 
Cavalry Corps Signal Squadron 


Cavalry Divisional Signal Squadrons 


: 


Signal Construction Companies 

Reserve Signal Troops 

Signal Troops “is sas 

Light Railway Signal Sections 
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GROWTH OF THE ROYAL ENGINEERS—Continued. 


(c) REGULARS, SPECIAL RESERVE AND TERRITORIAL FORCE (EXCLUSIVE OF THE 
ROYAL ENGINEERS, TRANSPORTATION BRANCH). 


Description of Units. 


Serving in Colonies. 

Serving in France. 
Salonika. 
Mesopotamia. 
East Africa. 


Number of Units. 
Serving at H: me. 
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GROWTH OF THE ROYAL ENGINEERS—Continued. 


(c) REGULARS, SPECIAL RESERVE AND TERRITORIAL FORCE (EXCLUSIVE OF THE 
Royal ENGINEERS, TRANSPORTATION BRANCH). 


Description of Units. 


Mesopotamia. 
East Africa. 


Salonika. 


Number of Units. 
Serving at Home. 
Serving in Colonies. 


Serving in France. 
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GROWTH OF THE ROYAL ENGINEERS—Continued. 
(c) REGULARS, SPECIAL RESERVE AND TERRITORIAL FORCE (EXCLUSIVE OF THE 


RoYAL ENGINEERS, TRANSPORTATION BRANCH)—continued. 


1st November, 1918. 


Strength :— 
Officers S85 a 
Other ranks... 


Description of Units. 


Depots “xe ie 
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Field Companv (R.A.R.E.) 
Field Squadrons 

Army Troops 

Army Troops (R.M. RE. er 
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Field Searchlight Company 
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GROWTH OF THE ROYAL ENGINEERS—Continued. 
(c) REGULARS, SPECIAL RESERVE AND TERRITORIAL FORCE (EXCLUSIVE OF THE 
RoyaL ENGINEERS, TRANSPORTATION BRANCH). 


Description of Unite. 


L. of C. Forestry Group 

Directorate of Forestry 

L. of C. Forests ; 

Forestry Companies .. Ss 

Anti-Aircraft Searchlight Sections | 

R.E. Workshops ave as 

G.H.Q. 3rd Echelon 

H.Q. Divisional Engineers 

H.Q. Divisional Engineers (Guards) 

Postal Sections a» py 

G.H.Q. Kennels (Messenger Dog 
Service)... 

Executive Board (British Branch) ¢ of 
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Works Companies bes 

Telegraph Construction Company wa 
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GROWTH OF THE ROYAL ENGINEERS—Continued. 


(c) REGULARS, SPECIAL RESERVE AND TERRITORIAL FORCE (EXCLUSIVE OF THE 
ROYAL ENGINEERS, TRANSPORTATION BRANCH). 
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ORGANIZATION OF ENGINEER INTELLIGENCE AND 
INFORMATION. 


INTRODUCTION. 


THE work required fell under the following headings :— 


1. Collection of Engineer Information with regard to the Theatre 
of War. 


2. Collection and circulation of information with regard to new 
types of Field Defences, Mining, Camp Accessories, Engineer Stores, 
etc., evolved or suggested in the British Armies, and of notes of 
experience gained in operations and by experiment by our own 
Armies or those of our Allies. 


3. Collection and compilation of material for Stationery Services 
Publications, and keeping these publications up to date. 


4. Examination and circulation of information with regard to 
Enemy Field Engineering methods. 


ENGINEER INFORMATION WITH REGARD TO THE THEATRE OF WAR. 


Very little engineer information was available when hostilities 
-commenced. 
_ The principal data required are :— 


(a) Nature and width of roads, and their state in winter. 
(6) Sources of road repair material. 
(c) Dimensions of bridges and their safe loads. 
(d@) Nature of waterways and suitability for floating and pile 
bridges. 
(e) Factories, workshops, brickyards and engineering material 
(particularly timber) available. 
(f) Water supply. 
(g) Gas. 
(kh) Electric power installations and circuits. 
(7) Telegraph and telephone systems. 
(k) Geological conditions as regards surface, mining, minerals, 
and water supply. 
(2) Inundations possible. 
. (m) Climatic and weather conditions. 
(n) Fortresses. 
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There was no Engineer Staff either in the Intelligence or Fortifica- 
tion and Works Directorate for the special purpose. 

A “ Military Report on Belgium and the Grand Duchy of Luxem- 
burg,” of 78 pages, dated 1906, was issued, but it dealt only in 
generalities, as will be seen from the following extracts on Roads 
and Rivers :— 


‘‘ The main roads in Belgium are either paved or macadamized.”” 
River Meuse.—‘ Its current is swift in many places, while its 
depth is sometimes as much as 45 feet.” 


Five volumes of Belgium Road, River and Billeting Reports 
were available on disembarkation. They gave in the itineraries the 
nature and width of the roads; the length and width of bridges, 
but not the spans, safe loads, or size of the piers ; water supply in 
general terms, ‘‘ mostly wells and pumps,” “ well supply,” “ stand 
pipesin . . .”; and mentioned when there were telegraph lines 
alongside a road. 

The information was in a particularly cumbrous form and could 
have been grasped much more quickly had it been given on maps. 

No engineer information about N.E. France was available. 

The French were somewhat better provided with information, 
and eventually furnished us with a very limited number of copies 
of small hand-books called Notice descriptive et statistique. 

Each volume of this series dealt with a department of France or 
Province of Belgium or Germany. None, however, was of recent 
date and, beyond short descriptions of bridges (e.g., “ masonry 
abutments, roadway of timber on steel beams, one span 6 m., length 
7°50m., width 2:50m.”), details of railways and canals, number 
of wells, list of factories, contained little engineer information. 

These books, however, formed the foundation of our information. 

(The Report on Western Belgium and Adjoining Portions of France, 
issued by the War Office in May, 1916, was almost entirely derived 
from them. A Report on Eastern Belgium was never issued.) 

The data in these Notices were gradually supplemented by 
what could be obtained from officers of the French and Belgian 
Ponts et Chaussécs, refugees, etc. 

An appeal to the Staff of General Foch, who was at Cassel, when 
the British Army moved to Flanders in 1914, showed that the French 
General Staff had little engineer information about their owncountry. 

A visit to the Mintstéve de Guerre, Paris, revealed that there was 
nothing there except of historical value. (An enquiry there for 
information about the Lille forts led to original documents signed 
by Vauban being exhibited.) 

The headquarters of the First Army Corps (at Lille before the 
war), should have had the information, but such documents as it 
possessed were apparently left in Lille. 
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‘ Officers who had served in the north of France, when referred to, 
could give very little technical information. 

Belgian Officers of Engineers, on the other hand, gave what 
proved accurate information of their country. 

So little was recorded by the French Staff that the Canal du Nord 
was not shown on any Staff map or referred to in any military 
publication. 

Engineer information was first dealt with in the Engineer-in-Chief’s 
office. 

Pamphlets and maps giving details of roads and bridges (road 
and bridge books), and compilations on water supply, inundations 
and enemy fortresses were prepared. 

In the compilation of road and bridge books much help was got 
from the Belgian Ponts et Chaussées officials at Ypres, from whom 
a number of Cahiers de Charge (bills of quantities for road and 
bridge maintenance contracts) were obtained and proved invaluable. 

A great part of this particular information was collated by two 
Belgian officials of the Ponts et Chaussées, specially attached to the 
Engineer-in-Chief’s office during most of the War. 

Very great assistance was also got from a Belgian officer who had 
made a hobby for many years of touring the waterways in motor 
launches, and had picked up an extraordinary knowledge of the 
details of canals, waterways and bridges. 

A good deal of information was also collected from picture post- 
cards obtained by advertisement and other means. 

In March, 1916, it was decided that the work would be done by 
the Intelligence Department of the General Staff, to whom it was 
consequently transferred. This department had so much other 
work to do, that they had little time for engineer information, very 
little of which was contained in such Intelligence publications as 
were issued from time to time with regard to the country in front. 

The Engineer-in-Chief eventually continued as before to supply 
G.S. (O), Q.M.G., and Armies direct with information as to inunda- 
tions, water supply, road metal, geological conditions on front, as 
regards construction of dug-outs, electric power facilities, etc. 

All information collected with regard to fortresses was passed 
to “I.” 

On a change of establishment, in 1918, the Intelligence Section 
dealing with engineer information was, on the advice of the Engineer- 
in-Chief, reinforced by two R.E. officers, and a definite arrangement 
made that the Engineer-in-Chief’s specialists in geology, water supply, 
electricity, machinery, bridging, roads, inundations, etc., should 
compile what was required for “ I ’’ publications. 

It was arranged that all communications with ‘“I’’ should pass 
through one officer of the Engineer-in-Chief’s Staff, to ensure that 
information obtained by “I’”’ was passed to the officers concerned 
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and that there was supervision of all intelligence work that left 
Engineer-in-Chief. 

It was also arranged that when refugees and prisoners with 
technical information were examined an engineer officer should 
assist, for many opportunities for obtaining valuable information 
may be lost when non-technical officers carry out interrogations of 
specialists. 

A pamphlet compiled under the final system, Notes on the 
Country East of Roubaix, was produced. The Note on Water 
Supply and the Appendix on “ Possible Inundations in the Schelde 
Valley ’’ were compiled in the Engineer-in-Chief’s office. 

Maps showing where road metal could be found, and nature of the 
bridges were issued separately. 

It was not until the area was reached that information as to 
electric power installations was obtained. 

The final system proved in every way satisfactory. ‘‘ I’’ and the 
Engineer-in-Chief must work together in the matter, and it is con- 
venient that each office should have one officer told off who acts as 
the channel of communication with the other. 

Even when a complete account of a country is recorded in peace 
time, changes take place in war: Bridges are destroyed, renewed or 
doubled, new roads, etc., are made. ‘I’”’ alone has the machinery 
for getting news of this. Specialists must be employed to compile 
the technical information. 

There would not be full-time occupation for them in “I,” and it 
seems in every way suitable to employ those working under the 
Engineer-in-Chief. 

Part of the technical information, ¢.g., ve roads, water, etc., is 
required by Staffs of Formations and not by the R.E. alone, and 
is best issued by ‘‘ I ”’ to prevent overlapping. 

Other information, e.g., with regard to road metal, electrical 
circuits, loads, is only required by the R.E., but it is best to issue it 
through “I” or, at any rate, to consult ‘I’ before issue. 

The Intelligence Department was not responsible for engineer 
information with regard to country, except what was behind the 
enemy’s line; for that behind our own front the E.-in-C. was 
expected to arrange, but had no special staff for the purpose. A com- 
mencement was made at collecting this, but was interrupted by 
the retirement in March, 1918. 

Some definite machinery is required for it, as the dimensions of the 
bridges and nature and widths of roads, sufficiency or otherwise of 
the number of roads and bridges, areas suitable for dug-outs, areas 
it was possible to inundate, were not recorded when required in 
the spring of 1918, and reconnaissances had to be hurriedly carried 
out. 
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COLLECTION AND CIRCULATION OF INFORMATION ON FIELD 
ENGINEERING IN OUR OWN AND ALLIED ARMIES. 


Such information on Field Engineering as it was considered 
desirable to circulate was originally issued in Notes from the 
Front, collated by the General Staff, and Notes on Field Denes, 
IgI4. 

It was not until early in 1916 that a regular series of R.E. publica- 
tions took form. These were :— 


(a) E.-in-C. Plates of Field Work Designs (Appendix A). 

(6) E.-in-C. Field Work Notes (Appendix B). 

(c) Mining Notes (Appendix C). 

(24) D.P. series of Plates of Huts or other Camp Accessories 
(Appendix D). 

(e) E.-in-C. Circulars, Stores Branch (Appendix E). 

(f) Standard Bridge Drawings. 

(g) Drawings and Descriptions of Articles made in R.E. Workshops. 


Lists of these Plates and Notes are attached, with the exception of 
(f) and (g), details of which will be found in the sections dealing with 
Bridging and Workshops respectively. 

Short notes of ephemeral interest, and small matters which it was 
desired to bring to the attention of C.E.’s, but which were not of 
sufficient importance to circulate generally, were also issued as 
Series ‘‘ D ” (Appendix F). The use of this series was not consistent, 
but it is certainly of advantage to deal with such matters in a con- 
tinuous series, kept together for reference, rather than to issue them 
under unconsecutive numbers of a Central Registry. 

The material for the above Plates and Notes was obtained by 
contributions from formations and units, visits of liaison officers, 
calling for reports on special subjects (e.g., the effect of shell-fire on 
concrete structures), experiments conducted at G.H.Q., the R.E. 
Training School, Rouen, Mine Schools, etc. 

Selection, compilation, editing and publication were dealt with 
by the three sections of the Engineer-in-Chief’s Office—Defences, 
Mining, and Stores—until 1918, when it was arranged that all publi- 
cations should pass through the hands of one officer: before issue. 

The method of issue was, as a rule, that the proofs of Plates and 
Notes were sent to the Chief Engineer of each Army, who then said 
how many copies he required, and thuscontrolled the issue in his Army. 

Five hundred copies of each publication were eventuaily, by 
request, sent to the War Office for issue to home and to other Expedi- 
tionary Forces. 

The Engineer-in-Chief ordered the number of copies required, and 
issue was made direct from his office. 

It would seem advantageous that in future anfEngineer-in-Chief’s 
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office should have a section for publication and issue of informa- 
tion. 

Summaries were issued of the French secret publication, Bulletin 
de Renseignements du Génie, containing much valuable information, 
of which eight volumes were issued, and also of the official French 
publications :— 


Instruction sur les travaux de campagne, December, 1915. 

Instruction sur Vorganisation du terrain, Parts I and II, 1917. 

Instruction sur Vorganisation et la construction des batteries, 1917. 

Ecole des Mines, 1914 (Elementary). 

Ecole des Mines (Livre de l’Officier), 1914 (Advanced), with 
Supplement, 1917. 


The Russian and Italian official publications were examined, but 
as they contained no new or novel matter, nothing with regard to 
them was issued. 

The American publications, being derived mainly from British 
ones, it was unnecessary to bring to general notice. 

The form they were issued in—loose-leaved, 6 in. x3} in., with 
round edges—was very convenient. 


STATIONERY SERVICES PUBLICATIONS. 


The first general pamphlet on Field Engineering was Notes for 
Infantry Officers on Trench Warfare, March, 1916. 

This was prepared without reference to the Engineer-in-Chief, 
although a few diagrams issued by him were included in it. 

Subsequently all publications on engineer matters were prepared 
in the Engineer-in-Chief’s office. 

A revised set of diagrams for the above pamphlet was issued in 
December, 1916. This was superseded by S.S. 196, Diagrams of 
Field Defences, March, 1918. 

Other S.S. publications of engineer interest were :— 


S.S.145. Notes on R.E. Preparations for, and the Employment 
of the R.E.in, Offensive Operations revised in January, 
1918, as Notes on Engineer Work during Operations. 

Founded first on the experience of 1915 at Neuve 

Chapelle and Loos, it was entirely re-written after the 
Battle of the Somme, and largely added to after Vimy 
and Messines, in 1917. 

S.S. 208. Field-Works for Royal Artillery. 

S.S. 220. Fteld-Works for Pioneer Battalions. 

S.S. 202. Organization of Shell Hole Defences. 

S.S.177. Instructions on Wiring (Rapid Wiring). 

5.5. 108. Notes for C.R.E.’s on Organization of R.E. Work when 
holding a line. March, 1916. 
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S.S. 104. Précis of Divisional R.E. Instructions to a Division 
about to take over a Line. March, rg16. 

S.S. 112. Consolidation of Trenches, Localities and Craters after 
Assault and Capture. May, 1916. 

S.S. 219. Notes on Road Building. 

S.S. 116. Notes on Cover against Shell- Fire (Revised, December, 
1916). 

S.S. 182. Instructions on Bombing, Part I. (British and German 
Bombs). 

S.S. 206. The Principles and Practice of Camouflage. 

S.S. 180. Notes on Screens. 

S.S. 115. Notes on Mining (translated from the French). 


S.S. 135, The Division in Attack (Revised Edition, November, 
1918), and S.S. 210, The Division in Defence, May, 1918, contain 
valuable instructions as to the employment of the R.E. 

After each pamphlet was issued arrangements were made for an 
officer to take charge of it and collect materials for a revised edition 
as they came to notice. 

The experiment of bringing in special officers into the Engineer- 
in-Chief’s office to compile pamphlets was not altogether a success. 

It was found preferable arid more expeditious for officers trained 
in compiling to put the material available together and then to 
submit the MS. for examination to one or more C.E.’s or C.R.E.’s 
as seemed desirable, for criticism and advice. 


EXAMINATION AND CIRCULATION OF INFORMATION WITH REGARD 
TO ENEMY FIELD ENGINEERING METHODS. 


This was done in conjunction with G.S., Intelligence. 

All information obtained by “I’’ was sent over to Engineer- 
in-Chief for examination and recommendation as to whether it should 
be issued to the Armies or not ; information obtained by Engineer- 
in-Chief from engineer sources was similarly treated. 

Matters of immediate importance, e¢.g., enemy traps, grenades, 
were prepared for reproduction and handed to ‘I’ for issue in the 
‘““Ta ”’ series ; others were prepared for publication in the series 
German Field Work Plates (Appendix G). 

Engineer-in-Chief also undertook the revision of “‘ [’”’ translations 
on Field Engineering. The most important was Stellungsbau (the 
Construction of Field Positions), with the four editions of the 
‘“ Introduction,’ laying down the general principles of the use of 
field defences. 

As time went on and the mass of information about the country 
ahead increased, and the staff of the Engineer-in-Chief’s office 
changed (in November, 1918, there was only one officer and one clerk 
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who were in the Engineer-in-Chief’s office in November, 1914), it was 
found necessary to appoint an officer to index and take charge of all 
information, records, books and maps, so that if anything was wanted 
it could be readily found. Unless this is done, information is apt to 
get lost sight of, not only at G.H.Q., but by fighting’ formations, 
which it was necessary to remind. The officer combined this work 
with charge of the draughtsmen’s office. 

Thus three officers were eventually required to deal with informa- 
tion; and one to do liaison with ‘‘I’’; one to deal with the issue of 
publications, and one to take charge of records. 

Reproduction of engineer publications was undertaken and done 
most expeditiously by the Army Printing and Stationery Services in 
the Field ; very urgent work was done by the Printing Section of 
the Field Survey Depét Battalion, G.H.Q. 
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APPENDIX A. 


LIsT OF PLATES OF FIELD-WoRK DESIGNS. 


FF 


Issued under E.-in-C., Nos. ————~— 
I to 146 


Nores.—f{Reproduced in Revised Diagrams, December, 1916, of Notes of 
Trench Warfare for Infantry Officers ; the number of the Figure 
given in brackets after the title is the reference to this publication. 


tSuperseded by later patterns. 


Elliptical Concrete Dug-out (for water-logged clay). 
(Cavalry Corps.) 

Brick Tower Artillery O.P. 

Light Canvas Collapsible Gabion. (Fig. 17.) 

Trench Frames. Do. do. 

Collapsible Knife Rest with angle iron ends. (First 
Army.) (Fig. 34.) 

Collapsible Wire Netting Gabion. (French.) (Fig. 


Z 
9 
4 


— —*+>—+ 
aon OPWDHN 


17. 
» 7. German Front Trench System with keep and bomb 
stops. 
» 8. Keep and Bomb Stop. (Third Army Infantry 
School.) 
» 9. Bomb Stops. Do. do. 


» 10. Sentry Post. (1st Division.) 
» II. Rye’s O.P. Plate with specimens of its use. 
» 12. Artillery Shelters. (I. Corps.) 18-pdr. 
» 3. Do. 60-pdr. (See No. 27.) 
» 14. Concrete M.G. Emplacement. (I. Corps.) 
t , 15. Deep Dug-outs. (1st Division.) 
T » 16. Shelter made with 4-in. ‘‘ Elephant ”’ sheets. (Fig. 
68.) 
+ ,, 17. Small C.I. Shelter. (Fig. 67.) 
t ,, 18. Entrance to Deep Dug-out. 
»» 19. Double Roof Timber Shelter for 18-pdr. (VII. 


Corps.) 
{,, 20. Deep Dug-out. (IV. Corps.) 
1 i: 225: Do. Entrance. (IV. Corps.) 


» 22. 2-in. T.M. Emplacement. (First Army.) 
» 23. Shelter for 4:5-in. Howitzer. (153rd Field Co. R.E.) 
» 24. 9°45-in. T.M. Emplacement. (II Corps) 
f » 25 M.G. Emplacements and Dug-outs. (IV. Corps.) 
(Fig. 51.) 
» 26. M.G. Emplacement in Breastwork. (2nd Field 
Co., R.E.) 
», 27. Shelter for 60-pdr. (I. Corps.) (See No. 13.) 
1» 28. Mock Sandbag O.P. (Fig. 69.) 
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Baby “ Elephant ’’ Dug-out. (55th Division.) 

Dressing Station, 15th Division. 

Concertina Barbed Wire. (First Army.) (Fig. 35.) 
Do. do. (Second Army.) 

Concrete O.P. Tower. (XIV. Corps.) 

Concealed M.G. Emplacement with counterweight 
roof. (Captain Foot, R.E.) 

Giant Disappearing Periscope. (2/2nd West Lancs. 
Field Co., R.E.) 

Four Hours Covered M.G. Emplacement. (r2rst 
Field Co., R.E.) 

Blocking Gate. (Second Army.) 


Parapet Hurdle made of cement cask. (25th Army 


Troops Co.) (Fig. 14.) 
Typical Deep Dug-out. (Third Army.) (Fig. 61.) 
Look-out Box for O.P. with sliding steel plates. 
(Fig. 69.) 
Improvised Water Level. (Third Army.) (Fig. 41.) 
Deep Dug-out near front line with emergency exit. 
(Fug. 64.) 
9:45-in. T.M. Emplacement. (Fourth Army.) 
(A.A.’s pattern.) 
Shielded Sniper’s Post. (First Army.) (Fig. 71.) 
Concertina Barbed Wire. (3rd Aust. Division.) 
Sniper's Loophole and Post. (2nd Division.) (Fg. 


72.) 

Field Dressing Station. (61st Division.) 
Do. do. do. 

Splinter and Bullet-Proof Sentry Post. (154th 
Field Co.) (Fig. 70.) 

Harwood EXPM Revetting Hurdle. (2nd Division.) 

Aid Post Sorting Station. (32nd Division.) 

Field Magazine. (32nd Division.) 

S.A.A. Magazine. (32nd Division.) 

Latrine. (1st Australian Division.) 

Trench Revetting Truss. (32nd Division.) 

Communication Trench Defences, Dog Legs, Loop- 
holed Traverses. (32nd Division.) (Fig. 37.) 

Armoured Sentry Box. (32nd Division.) (Fig. 
73-) 

Design for Dug-out under parapet with covered 
Sentry Posts. (VII. Corps.) 

Shell-proof Dug-out. (I. Anzac Corps.) 

Shell-proof Dug-out (I. Anzac Corps), in low-lying 
water-logged areas. 

Candle Lantern made from Biscuit tin. (25th A.T. 
Co.) 

Dimensions of Gun Emplacements. (Artillery 
Adviser, G.H.Q.) 
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Cruciform Post. (III. Corps.) (See Field-Work 
Notes No. 13.) 

Type of Dug-out. (1st Division.) 

Double Spiral Staircase for Entrance to Deep Dug- 
outs. (New Zealand Division.) 

Portable Revetment Frame. (105th Infantry Bde.) 

Cruciform Strongpoint for a Platoon. (56th Divnl. 
Engineers.) (See Field-Work Notes No. 13.) 

Bomb Post Block for Communication Trench 
behind Front Line. (46th Division.) 

Deep Dug-outs, examples of recent practice. 

Mined Passages to Deep Dug-outs. 

Dimensions of Gun Emplacements. (18-pdr. and 
4°5 Howitzer.) 

Light Railway Trolley. (32nd Division.) 

Bomber’s Pit. (8th Division.) 

Mud Toboggan. (32nd Division.) 

Speaking-Tube Fittings. (First Army Workshops.) 

Concealed Machine-Gun Emplacement—Imitation 
Shell Hole. (170th Co., R.E.) | 

Sniper’s Post. (First Army Workshops.) Double 
Framework. 

Defence of Infantry Subways. 

Field Periscope. 

Portable Bunk. 

Standard Trench Frames. 
No. 23.) 

Notes on Types of Dug-outs in use in Second Army. 

Device for Lacing together X.P.M. sheets in Revet- 
ments. (1/3rd Kent Field Co., R.E.) 

Underground Cookhouse. (35th Division.) 

Gate and Frame for flank defence of front-line posts. 
(126th Field Co., R.E.) 

Baby ‘“‘ Elephant ”’ Shelter, with bursting course on 


(Limited Issue.) 


(Third Army.) 
(See Field- Work Notes 


frames. (II. A.N.Z.A.C.) 
Whittall’s Stokes Gun Emplacement. (16th Divi- 
sion.) 


Short Revetting Frames. (Second Army pattern.) 

Cover for Heavy or Medium Trench Mortar Em- 
placement. (Third Army School of Mortars.) 

Subways :—Typical Arrangement of Galleries and 
Accessory Dug-outs. 

Carey’s Water Carrier for Pack Mules. 
dian Division.) 

Observation Post. (29th Division.) 

Improvised Pack Saddlery. (430th Field Co., R.E.) 

Shell Slit for Protection of two or three men guard- 
ing entrance of Dug-out. (III. Corps.) 

Heavy Trench Mortar Emplacement. (3rd Aust. 
Tunnelling Co.) 


(4th Cana- 
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Dug-out Entrance. 

Tank Causeway. 

Jump Crossing for Tanks. 
R.E.) 

Pack Saddle Attachment for carrying barbed wire 
or long screw pickets. (61st Division.) 

Ambulance Bogey. (XIV. Corps Troops.) 


(251st Co., R.E.) 
(184th Tunnelling Co., R.E.) 
(184th Tunnelling Co., 


Pontoon. (Petrol Tin Floats.) (XIV. Corps 
Troops.) 
Decks. (Petrol Tin Floats.) (XIV. Corps Troops.) 


Plan and Details shewing connection of Decks to 
Floats and Shore. (XIV. Corps Troops.) 
Water Barrel Bogey. (XIV. Corps Troops.) 


Well Head Windlass and Frame. (XIV. Corps 
Troops.) 

Hut Shelter. (III. Corps.) 

Hut Shelter, High Sides. (III. Corps.) 


Incinerator of Angle Iron and small steel shelter. 
(III. Corps.) 

Reinforced Concrete Horse Trough. 
Co.) 

Entrance Frame. 

Screen for Water Tank. (148th A.T. Co.) 

‘‘Y’ Frame for repair of trenches. 


(148th A.T. 


M.G. Emplacement (Champagne type). (With 
inclined shaft to dug-out.) 

M.G. Emplacement (Champagne type). (With 
vertical shaft to dug-out.) 

Medium Trench Mortar Emplacement. (Embra- 
sure in the communication trench.) 

Medium Trench Mortar Emplacement. (Embra- 


sure disguised as a shell hole.) 

Ferret Bomb. 

Machine-Gun Emplacement. (Champagne Type.) 
(Cancels FF/113 and FF/114.) 

Expanded Metal Revetting Hurdle. 

Gas Blanket arrangement under various conditions. 

French Wire—New method of preparing coils for 
carrying. 

Cable throwing from Livens Projectors. 

Sandbag Filler. 

H.T.M. Emplacement and Ammunition Chamber. 

Method of Breaking-away Chambers from a Dug- 
out Gallery. 

Camouflage Cover for M.G. Emplacement. 

Gas Protector Frames. 

Instructions for Repair of Old and Impassable 
Trenches. 

Field Gun Emplacement to give All Round Fire. 

Light Bridge for Raiding. 


8-17. 
8-17. 
8 - 17. 
9° 17. 
8-17. 
8 - 17. 
8-17. 
8-17. 
8-17. 
8-17. 
6-17. 
Ir - 16. 
6-17. 
7-17. 
Io - 17. 
7-17. 

17. 
9 - 17. 
9 - 17. 
9 - 17. 
9 - 17. 
10 - 17. 
II - 17. 
II - 17. 
12-17. 
12 - 17. 
II - 17. 
r - 18. 
I - 18. 
I - 18. 
2- 18. 
2- 18. 
2- 18. 
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ee 


89 


. 13x. 8-inch Proof Shaft Dug-out. 18. 
132. Destruction of a Concrete O.P. by Gun-cotton. 3-18. 
133. (I). Tank Ditch. (II). Dug-out Entrance. 5 - 18. 
134. Machine-Gun Platform Table. 18, 
135. Type Plan of M.G. Position for 4 Guns. 5 - 18. 
136. Spider Wire Entanglement. 18. 
137. Machine-Gun Emplacement (Champagne type.) 

(Cancels FF/118.) 18, 

138. Machine Gun Emplacement with ‘ Longfield ”’ 

Trench Mounting 6 - 18, 

139. Cork Bridge Piers. 6 - 18. 

140. Instructions for the erection of the Moir Pill Box. 8 - 18. 

141. O.P. in Building, using Rye’s Plates. 8 - 18. 

142. Provisional instructions for the erection of Hobbs’ 

Pill Box.) g - 18. 

143. Reinforced Concrete Shelter. 18. 

144. Reinforced Concrete ‘‘ Pancake ”’ Shelter. 18. 

145. Protection of Shelters against Direct Hits from 

Bombs. 1x - 18. 

146. Floating Bridge for Infantry in File. 18. 

APPENDIX B. 
ENGINEER-IN-CHIEF’'S FIELD-WORK NOTES. 
SUBJECT. 

Defence of Communication Trench. 

Saps to Craters, with Bombers’ Pits. 

Back Entrances to Deep Dug-outs and Concealment of T.M. 
Emplacements. 

Reclamation of Trenches; Concealment of Work; German 
Cover against Shell Fire. 

Protection of Entrances of Deep Dug-outs from Flooding. 

Report on Experiments and Experience with Torpedoes and Pipe- 
Forcing Jacks for Clearing Gaps through Barbed-Wire 
Entanglements. 

German Concrete Construction, Rusty Wire, Shelters to L. 
Trenches. | 

Concealment, Notes on recent Operations. 

Underground Galleries under No Man's Land. Notes on Recent 
Operations. Enemy Defences. 

Extracts from Reports on the Somme Operations. 


Use of Pipe-Pusher and Wombat Boring Machine, Hits by German 
Heavy Minenwerfer. 

Timber and Canvas Plate Girder Bridge. 

Strong points. 

Extracts from Reports on the Somme Operations. 

Cut and Cover Trenches for Light Railways. 

Extracts from Reports on the Somme Operations. 


32. 


go 


SUBJECT. 


Mined Dug-out Construction. 

Arrangements for Indirect Machine-Gun Fire. 

Pontoon Bridge for Lorry Trac. 

German Traps. 

Bangalore Torpedoes. 

Forward Tramlines in Trench Warfare. 

Deep Revetting Frames. 

Timber Plate Girder Bridge. 

Effect of Mobile Charges on Dug-outs. 

Infantry Subways. 

Enemy Mines and Demolitions. 

Temporary Road Bridge Constructed by 62nd Divisional Engineers 
over a Flooded Area. 

Cover from Shell Fire :—Précts of Results of Experimental Firing 
with 5-g-in. Shells carried out by Belgian Army, February and 
March, 1917. 

Pontoon Bridges for Motor Transport. 

German Concrete Structures on Messines Ridge and the Effect of 
Shell Fire on them. 

Concealment of Isolated Machine-Gun Positions and Emplacements. 

Extracts from Reports by Chief Engineers and C.R.E.’s who 
took part in the Operations of the Second Army at Messines 
Ridge. 

Notes on Construction of Trench Tramways during Messines 
Operations. 

Extracts from Reports of Chief Engineers and C.R.E.’s on Recent 
Operations (excluding those of Second Army) and from Sugges- 
tions for a New Edition of $.S.145, Notes on R.E. Preparations 
for, and the Employment of the R.E. in Offenstve Operations. 

Improvised Torpedo for Wire Cutting left behind by the Germans 
on the Occasion of a Recent Raid. (C.R.E., 35th Division, 
22.7.17). 

Notes on Forward Road Construction. 

Use of Thermit to Render Guns Temporarily Unserviceable. 

Experimental Tests of Types of Revetment. 

Destruction of German Explosives. 

Type of Rapid Shelter. 

Example of Rapid Construction of a Ferro-concrete Shelter, etc. 

German Concrete Structures in the area North of Ypres Captured 
in August, 1917, and the Effect of Shell Fire on them. 

Temporary Patching of Berthon Boats, etc., etc. 

Instructions for Construction of Trenches and Repairs of Trenches. 

Effect of Bombing on Dug-outs. 

Report on Test of Reinforced Concrete Machine-Gun Emplacement 
at Kemmel. 

Use of Ferro-concrete in Dug-out Construction. 

Demolition of a Tank. 


NO. 


50. 
51. 
52. 
53. 
54. 
55. 


56. 
57: 
58. 
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SUBJECT. 


Notes on Road Construction. 

Demolition of Derelict Tanks. 

Road Craters. 

Notes on Demolitions. 

Abbreviated Translation of French Pamphlet on Engineer Stores. 

Notes on Demolitions. (Addendum to E.-in-C. Field-Work Note 
No. 54). 

Concrete Block Shelters. 

Well Demolitions. 

Collapsible Boats. 


59. German Traps and Mines. 
60. Firing Demolition Charges with Cordeau Détonant. 
6x. Firing Demolition Charges Electrically with Torch Batteries 
(A.O.D. Supply). 
62. Dummy Trenches. 
63. Experiment to test the best form of Junction Box for Instan- 
taneous and Safety Fuse. 
64. Deliberate Demolitions. 
APPENDIX C. 
CLASSIFIED INDEX OF MINING NOTES. 
(Nos. r to 100.) 
; No. Date. 
Geology: 


Notes on Geology of the Front os as ie 23 7 6 16 


Mining Policy: : 
Prevalent Hours for Firing Mines ... see wo «=: 52 9 9 16 
Mines Fired in Somme Offensive _... om .. 72 18 Io 16 

Shaft-heads and Dumps: _ 

Direct Hit on Shaft-head Cover... ae .- 56 20 9g 16 


Push-pipe Trenches for Spoil Dumps sits 56 20 9g 16 
Small Craters with Camouflage Cover for Mine Dumps 60 26 9g 16 
Concealment of Dumps and Surface Workings ... 70 12 10 16 
Mined Dug-outs and Subways: 
Connecting Brackets for Steel Frames sie . = 85 I 117 
Enemy Reports on Mined Dug-outs ee . 88 25 117 
Enemy Subways re sai wee «OZ 13.217 
Delay Action Shell and Deep Dug-outs se - 94 13 2717 
Connecting Brackets for Girders and ics w. =. 98 2 317 
Type of Dug-out Entrances dss ... I0O 9 317 
Speed of Progress in Chalk Subways bag ... I0O 9 317 
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Shafts and Hoisting: 


Steep Inclines versus Vertical Shafts 

Enemy Mining Methods at Mametz West ... 
Comparison of Hoisting Methods 

Hoisting Methods in Steep Inclines 


Mining Methods and Equipment: 
Mining Tools used at the Face 
Underground Wheelbarrow ... 
Results of Clay-Kicking Competition : 
Progress in Hard Chalk by Drilling and Blasting | 
Standard Wooden Mine Tracks a 
Blasting Long Borehole in Chalk for Silent Working 
Chambering Boreholes in Chalk 
Rapid Raising in Chalk 
Expanded Metal Lagging 


Rate of Work in Clay and Chalk: 


Record Footage in Chalk ... 

Speed of Progress 1 in Clay and Chalk 

Record Footages in Clay and Chalk 

Speed of Progress in Enemy Chalk Mines ... 
Record Day’s Work in Surface Loam 
Handling Ground in Large Gallery ... 

Speed of Progress in Chalk Subways 


Strutting of Gallertes: 


Enemy Mining Methods at Mametz West ... 
Further Notes on Enemy Mining Methods 
Struts for Gallery Frames : ; 
Heavy Timbering and Strutting of Galleries 
Influence of Strutting in Mine Galleries 


Ventilation: 
Erection of Bellows — 
Preliminary Tests with Mine Ventilators ous 
Hose Connections with Mine Ventilators 

Mine Listening: 
Range of Sound for Pile-Driving 
Average Listening Distances 
German System of Mine Listening .. es 
Construction of German Electric Listener ie 
Comparative Tests of Enemy and British Listening 

Instruments 

Listening Distances in Blue Clay bs ae 
Western Electric Sound Detector (Instructions) 
Seismo-Microphone 
Standard Listening Instruments 


Date. 
24 3 
rr 8 
5 II 
2I II 
24 3 
26 8 
5 10 
I 12 
I 12 
28 12 
28 12 
Io 2 
9 3 
13 3 
15 4 
19 5 
1r 8 
26 8 
I 12 
9 3 
i 8 
23 8 
20 9 
I 10 
2 3 
23 7 
20 9Q 
20 9 
27 2 
24 3 
25 °=79 
28 7 
2 8 
9 9 
6 10 
I2 I0 
I2 10 


16 
16 
16 
16 


16 
16 
16 
16 
16 
16 
16 
17 
17 


16 
16 
16 
16 
16 
16 


17 


16 
16 
16 
16 


17 


16 
16 
16 


16 
16 
16 
16 


16 
16 
16 
16 
16 
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No. 
Comparative Audibility of Mining Noises ... . 87 
Belt Pouches for Geophones aie sa .. 89 
Central Listening Stations... sa se rr \°) 
Listening in Blue Clay sie we Q3 
Use of Iron and Wooden Rods for Listening ... I0O 
Listening from Shallow to Deep Galleries ... «+» I00 

Dummy Picks and Shovels: 

Dummy Pick and Shovel _... — w. «©—34 
Use of Dummy Picks by the Enemy ve au 92 


Fuses, Detectors and Primers: 
Electric Detonators, No. 13 Mark IV. seg aes 7 


Detonation of Large Mines ... std Sas w. «24 
Instantaneous Fuse as Standby _... a 27 
Delay Action Fuses and Electric Detonators 43 
Influence of Active Primers upon Ammonal in Long 
Charges ... cot .. 84 
Experiments with Cordeau Détonant aie .. 86 


Dynamo Exploders: 


Series Coupling of Service Exploders ae ww. 42 
German Dynamo Exploder ... ee sa ww. 45 
Capacity of Dynamo Exploders _... its i: “99 


Explosives and Mine Charging: 
Relative Efficiencies of Gunpowder, Blastine, and 


Ammonal .. ar bat ve oe 5 
Detonation of Large Mines acs eae ee? | 
Explosives used by Enemy ... 27 
Transmission of Explosion between Charges ‘Under- 

ground ... er oy 47 
Petrol Tins for Charging i in Wet Places aes . 53 
Tear Gas Bombs in Mine Charges ... .. 58 
Mine Charging and Tamping by Protomen | . 64 
Influence of Active Primers upon Ammonal in Long 

Charges... es ea ‘nat 7 .. 84 

Mine Rupturing Effects: 
Effects of Gun-cotton Charge on Enemy Gallery 8 
Radius of Rupture for Ammonal in Chalk and Clay 29 
Table for Radius of Rupture in Chalk and Clay 59 
Effects of British and Enemy Blows ae se. 91 
Influence of Strutting in Mine Galleries... . 96 
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Property Distribution Return. 
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Instructions for Working Tar-Spraying Machines. 
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Tunnelled Dug-outs, Mametz. 

Lanz T.M. Emplacement and O.P. 

T.M. Emplacement, General Arrangement. 

Dug-out with Reinforced Concrete over Entrance. 
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a i 2 om M.G. Shelters. 

Trench O.P. 
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Diagram of Trench System. 

Mobile Charges. 

Concrete M.G. Emplacement. 
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Disappearing M.G. Emplacement. 

Electrifed Entanglement. 

Trench Block. 


86. 


IOO 


Machine-Gun and Searchlight Emplacement. 
Emplacement for Albrecht Mortars. 
Dug-out with Shell Hole Look-outs. 
Minenwerfer Emplacement and Dug-outs, 
Plates from Stellungsbau (2nd Edition). f 
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Gun Battery near Vimy. 

Gun Emplacements near Liévin. 
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Shellproof Shelter for Men or Ammunition. 

Shelter under Parapet for eight men. 
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German Trench Mortar Emplacements. 

Hasty Shelters. 
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Sketches of Shelters and Trenches for use in coming Winter. 

Fortified Shell Holes. 

Defensible Concrete Shelter. 

Trace and Profile of Trenches in front of 
Havrincourt Village on the Trescault- 
Havrincourt Road, showing Standard 
open M.G. Emplacement and 3 ft, Broad 
Fire Step. 

German Observation Post. On Havrincourt- 
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| Hindenburg 
| Line. 
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No. A. Diagram showing the Organization of a Company Sector for 
the Winter Months. 
» 87. German Machine-Gun Emplacement and Shelter. (From a 
French Report. April, 1918.) 
», 88. German Spider-Web Wire. 
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CHAPTER I. 
ORGANIZATION. 
1. Frrst FRENCH EXPERIMENTS. 


THE art of Camouflage, as applied to War, is as old as history, but 
the credit of actually organizing a department to apply the art in 
the field scientifically belongs to the French. 

At Toul, in September, 1914, Guirand de Scevola, a French artist, 
serving in the ranks of the French artillery, conceived the idea of 
concealing the guns of his battery by using sheets of painted canvas ; 
hitherto branches, etc., had been employed. The first essays were 
primitive and not altogether successful, but he was encouraged to 
persist, and was allowed to select other artists to help him. | 

The idea of making and painting suits for the use of patrols, etc., 
was also pursued. 

- On February 12th, 1915, a small detachment, the Headquarters 
of which were at Amiens, was formed to carry on experiments, 
chiefly in the zone of the 2nd French Army in Picardy. Rapid 
progress was made, particularly in the direction of camouflaged 
observation posts, the first of which, a tree, was erected in the 
neighbourhood of Lihons in May, 1915. 

The success which attended the work of this detachment led to 
further detachments and workshops being constituted at Chalons 
(August, 1915) and Nancy (September, 1915). 

From this time onwards the growth was rapid; further Base 
and Army detachments were formed, and the whole Camouflage 
Service was placed under the command of Guirand de Scevola. 

Photos (i) to (iv) show two well-known and typical examples of 
French work. 


2. ORIGINS OF BRITISH SERVICE. 


The idea of forming a Camouflage Section in the British Expedi- 
tionary Force was first mooted at G.H.Q. in the winter of 1915, 
as a result of the success attending the work of the French Section 
de Camouflage, whose workshop in Amiens was visited by British 
officers. 

A professional artist, Mr. Solomon J. Solomon, R.A., was invited 
to come out to France and investigate the question. The result of 
his visit was that volunteers from the troops in France were called 
for. Certain trades, special to theatrical work, such as scenic artists, 
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carpenters, cardboard-workers, etc., were specified. In January, 
1916, these men began to assemble at St. Omer under an officer, 
and five artists (officers) and a civilian stage carpenter arrived from 
England. 

The Headquarters were at St. Omer temporarily, until] a building, 
which had been acquired near Wimereux, should be ready for 
occupation. 

A small party of men was sent to Amiens to be instructed at the 
French workshop, and the remainder moved up to Poperinghe to 
become acquainted with local conditions, and make reconnaissances. 

In February, 1916, the Poperinghe party moved into the new 
Headquarters at Wimereux, and was joined by a party of seven 
French camoufleurs, who had been kindly lent by the Head of the 
French Camouflage Service for instructional purposes. This party 
consisted of men who were experts in all the different phases of 
camouflage work, reconnaissance, execution and erection. 

The original plans for the equipment and lay-out of the factory 
at Wimereux were furnished by the French. 


3. First ESTABLISHMENTS. 


A proposed establishment for the Special Works Park (the title 
adopted for the British Camouflage Section) was submitted to the 
War Office and authorized on 22nd March, 1916 (Table I). This 
establishment included men of special trades,such as artists and 
sculptors, besides the ordinary R.E. trades. In subsequent increases 
a very small proportion of artists was included. The artists were 
rated for Engineer Pay as painters, and the sculptors as plasterers. 

Capt. F. J. C. Wyatt, R.E., was placed in command; and Mr. 
(temp. Lieut.-Colonel, R.E.) Solomon, who shortly afterwards 
returned to England, was nominated as technical] adviser. 

Camouflage work was carried out for the First and Second Armies 
(Northern Area) from Wimereux ; officers and personnel going up 
to the front and returning on completion. 

Similarly work was executed at the French workshops in Amiens 
for the Third and Fourth Armies (Southern Area), three more 
French camoufleurs being attached for the purpose. 

It should be noted that only one British officer had any experience 
whatever of the line, all the remainder had been commissioned 
direct from England. 

Towards the end of April, 1916, a suitable building was hired 
in Amiens and the British detachment moved in and started to 
work independently, three French camoufleurs remaining with them 
- to assist. 

A substantial increase of establishment was granted in June, 
1916, viz., 5 officers, 73 other ranks, R.E. 
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4. EARLY WoRK. 

- The chief work, so far, was the construction and erection of 
observation posts (tree and parapet). The concealment of guns 
was hardly attempted beyond the occasional painting of the guns 
themselves. Towards the end of May orders begon to come in 
for gun covers, chiefly painted canvas. In June, 1916, the idea 
of using wire-netting, garnished with some substitute for grass, was 
adopted, and a few French women (about 30) were taken on at 
Wimereux for the work. The experiment proved successful, and 
the nunber was increased. 

The first order for concealing a concentration of guns was received 
on the 25th June, 1916, for guns in the neighbourhood of Arras 
supporting the attack on the Somme, which opened on July Ist. 
The order, which was carried out entirely in painted canvas in the 
course of one day,amounted to about 3,500 square yards, for 24 guns. 
At the time this was regarded as a colossal order. Every officer 
and man at Wimereux took a hand in it, and the work was completed 
in 14 hours. The determining factor was the sewing of the canvas 
sheets, which involved nearly one mile of stitching. Only one man 
knew how to use the treadle sewing machine, and he worked through- 
out the 14 hours with very brief intervals for rest and refreshment. 
Under the circumstances neither labour, material, nor experience 
were sufficient for carrying out the order in wire-netting camouflage, 
the output of which was only about Ioo square yards a ayy (not 
enough for one 18-pdr.). 

The French camoufleurs returned to their own section in July, 
1916, and were subsequently decorated by H.M. the King, at Fourth 
Army Headquarters in August, 1916, with one D.S.O. and five M.C.s. 
Later, a D.C.M. was also awarded. 


5. INCREASE OF ESTABLISHMENT. 


From this time onwards demands began to increase. It soon 
became obvious that Wimereux was much too far from the front 
(an average of 60 miles). Officers had to be sent up every day to 
carry out reconnaissances, often returning the same day. The 
completed work was sent up to the front by lorry. 

A proposal for a further increase of establishment was put up, 
the basis of which was a parent factory at Wimereux for standard 
and heavy work, observation posts, etc., and two Detachments, 
Northern and Southern (each under command of a captain), situated 
at about the distance of Army Headquarters from the front. 

This proposal was eventually approved by War Office on 25.11.16 
—Increase 13 officers, 159 O.R., R.E., 3 cars, 3 box-cars, 2 side-cars. 

Amiens remained the headquarters of the Southern Special 
Works Park, and Aire, where a factory was opened on 8.11.16, 
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became the Northern Special Works Park. Female labour (French), 
was extensively employed. The officers commanding were author- 
ized to accept orders, and to act in every way as unit commanders. 

This system remained in force till June, 1918, with certain altera- 
tions of establishment in May, 1917, and March, 1918 :— 


May Increase— 2 officers, 2 motor-cycles. 
March ,, —28 ,, 33 O.R., R.E. 


6. DEPOTS IN CORPS AREAS. 


The next stage of development was the formation of camouflage 
depots in Corps areas, in order to minimize transport by road, and 
to enable camouflage officers to live near their work, and so keep 
in closer touch with formations for whom they were working. 

This was the inevitable result of the large demands which began 
in January, 1917, with the preparations for the Arras offensive of 
April, 1917, and increased continually throughout the summer. 
The successive preparations for the offensives of June 7th (Messines) 
and July 31st (Ypres), coupled with the preparations in the Nieuport 
sector, threw a very heavy strain on the resources of the Park. 
Three subsidiary factories were formed in June and July, 1917, 
namely, Wormhoudt, Fifth Army ; Godewaerswelde, Second Army ; 
Duisans, Third Army, in order to tap new sources of female labour 
and so supplement the supply of material ; and nearly every Corps 
had a camouflage officer and depét. Additional personnel, both 
officers and men, were found by borrowing indiscriminately from 
Armies and Corps concerned. | 

Proposals for a substantial increase, both in personnel and trans- 
port, were put forward in August, 1917, but were not approved. 
The situation as regards transport was particularly bad. Repeated 
representations were made, but owing to general shortage of 
mechanical transport, no increase could be granted, and Corps officers 
were entirely dependent on their Corps for transport, which could 
seldom be made available. 


7. ATTACHMENT OF AMERICAN OFFICERS. 


In October and November, 1917, the American Army sent officers 
for attachment, with a view to picking up sufficient knowledge of 
the work to enable them to start a section of their own. The limited 
number of officers in the Special Works Park did not admit of any 
being attached to the American Army for instructional purposes. 


8. SECTION ON ITALIAN FRONT. 
In November, 1917, an Expeditionary Force was sent to Italy, 
and a small camouflage party of 1 officer and 8 other ranks accom- 
panied it. This party subsequently returned in March, 1918. 
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9g. DEVELOPMENTS IN 1918. 


Demands in the early part of 1918 remained at a very high level, 
partly owing to the fact that additional front was taken over from 
the French, and partly to the defence lines being constructed in 
rear of the whole British front. A new subsidiary factory was 
opened at Noyon in March to supply Fifth Army, but before it 
could operate the enemy offensive opened, and it had to be abandoned. 

In April and May, 1918, an average of 7 officers and 100 other 
ranks were employed under the Engineer-in-Chief on the construction 
of defence lines, a work of extreme urgency. Upwards of 130 miles 
of tracing tape, 5,000 flags and pickets, and 10,000 1ron pins were 
made and supplied by the park for this work. 

The results of the enemy offensive brought to light the defects 
of the over-centralized organization of the Special Works Park, 
summed up in a letter written by the O.C. to the Engineer-in-Chief 
on the 26.5.18. 

The following proposals were made in this letter :— 


(a) A Controller of Camouflage with suitable staff to be added 
to Establishment of G.H.Q. 

(6) An Army camouflage officer to be included in the Establish- 
ment of each Army. 

(c) A Corps camouflage officer and assistant to be included in 
the 2nd Echelon of every Corps staff. 

(d) One Base Camouflage Factory (R.E.) to be formed to provide 
personnel for the factory at Wimereux and two subsidiary 
factories (then at Pont d’Ardres and Roven). 

(ec) Four Army Camouflage Factories (R.E.) to be formed for the 
manufacture of camouflage material in Army areas—these 
units to be normally allotted one per Army, but to remain 
transferable in the same way as E. and M. Coys. or Mobile 
Workshops. The proposed establishments are given in 
Tables II, Ila, and IIb; and a comparative statement, 
showing the changes involved by the introduction of these 
new establishments, is given in Table IIc. 


The proposals were eventually approved on 26.10.18, though 
they had been actually put into practice in July, as far as was 
possible. 


Io. LESSONS OF THE WAR. 


The conditions obtaining in July, 1918, and subsequently, were 
so different to those of the past two years that it is difficult to make 
a strict comparison between the new organization and the old. 
Features common to both were :— 
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(a) The general lack of knowledge on the subject of camouflage 
throughout the Armies. 
(5) The want of transport on the part of Corps officers. 


These disabilities were not removed by the new organization. 
Steps were being taken to promote education when the Armistice 
put a temporary end to the necessity, which, however, will always 
exist in the organization and training of a Regular Army. 

It is possible that the final organization was built on too rigid 
lines, in so far as no straightforward method existed for switching 
officers and personnel from a quiet sector to the scene of greatest 
activity and need. This might be remedied by the adoption of 
a system similar to that of the Special Brigade or Tunnelling Com- 
panies, under which Detachments would not be tied to definite 
Armies, nor officers to Corps. 

Another disadvantage is apparent—that of nomenclature. The 
word Camouflage, associated as it is with dead horses, or pantomime, 
and savouring therefore of mystery and special technique, led, often 
unconsciously, to the adoption of an apathetic or non-serious attitude 
towards camoufleurs. However, the word has arrived with every 
appearance of making a long stay. 


II, EDUCATION. 


From August, 1916, selected officers were sent to Wimereux from 
the various Armies for periods of two days’ instruction. In all, 
some 300 officers went through this course. 

In addition, parties of officers came down for the day to be shown 
round, and close touch was maintained with the Army Sniping 
Schools. 

Camouflage officers lectured at Artillery Schools, Machine-Gun 
Schools, and the R.E. Schools. 

During the late summer and autumn of 1917, Artillery Brigade 
Commanders in the Second and Third Armies spent two days at 
Wimereux, and two days with the Experimental Section at St. Omer 
(described in Chapter III, para. 31). The experimental ground 
there was also visited by the First and Second Army Artillery Schools. 

In addition, during the winter of 1917-8, lectures to various 
formations were given by Corps camouflage officers, and visits 
were paid to the various exhibition grounds in Corps and Army 
areas. 

In May, 1918, the Officer Commanding the Northern Special 
Works Park was nominated to command the Camouflage School, 
England. 

This had been started in Kensington Gardens as an exhibition 
ground in 1916, and for a time was under the control of 
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Lieut.-Colonel S. J. Solomon. A regular officer was soon appointed, 
and it became a School. 

At first it only received visiting officers for the day ; later, classes 
were formed of officers from the various commands. The School 
expanded gradually, and a distinct experimental branch was also 
formed. Information on all technical subjects was interchanged 
between the Park in France and the School in England. 

Authority was also given for an interchange of officers, in order 
that the education in England might be kept up to date; also 
officers on the staff of the Camouflage School were sent out to 
France for a fortnight’s tour round the Corps depéts. 

It was further arranged that reinforcements or replacements of 
camouflage officers in France could, if necessary, be obtained through 
the School, where records were kept of all officers who did the course, 

After the Armistice the School at Wimereux was made the 
repository of samples and records of all the work done in France. 
Later it was removed to England, where shortage of funds put an 
early end to its existence. 


I2. FRENCH ORGANIZATION. 
The organization of the French section was, broadly, as follows :— 


A Headquarters Staff, with eventually an Experimental Section 
at G.Q.G. 

Base Factories. 

Army Factories. 

Divisional Camouflage Experts. 


It is believed that efforts were being made to transfer the whole 
of the service to the Air Force. 

The essential difference between their organization and the British 
lies in the following :— 


(i) Base Factories. 


They had more Base factories, employing a much larger number 
of women than we. 

These factories were not, as in our case, all under one officer, 
whose function was to standardize and co-ordinate processes and 
‘methods. 


(ii) Army Factorves. 


Their functions were :— 
(a) To receive material from the Base factories and adapt it to 
local conditions. 
(6) To make the simpler types of O.P.s. 
(c) Erection of all O.P.s. 
(2) Headquarters of the Divisional Camoufleurs. 
H 
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Women were not, as a rule, employed at these factories. 

Each Division had a Chef d’équipe, 1.c.,a N.C.O., but corresponding 
to our Corps Officer, with a detachment up to 20 men attached to 
him from troops in the Division. 

He carried out camouflage work of all descriptions on the 
Divisional front. He always accompanied the Division. In addition 
there was a Chef de Secteur, also Divisional, who did not move with 
the Division. 

A fairly large skilled personnel formed part of each Army factory 
for work in the factory and also for the erection of O.P.s. 

The total strength of officers, Chefs d’éguipe and men was about 
1,200, and they employed up to 8,o00 women and a large number 
of prisoners. 

They also suffered considerably from lack of sufficient transport, 
but the French system of pooling all army transport perhaps made 
the need less acute. 

Another disability was the fact that the Divisional camouflage 
experts, not being officers, were often placed in difficult positions in 
dealing with officers of artillery, etc. Attempts were being made to 
have commissions conferred on these Chefs d’équipe when the end 
came. 

The great majority of them were artists, architects and decorators. 
There were few or no engineers among them. 

The Base factories had, of course, tradesmen, but no definitely 
mechanical officers or senior N.C.O.s._ Their factories were therefore 
not scientifically run as regards mechanical processes, though the 
lay-out in the case of those factories, which were built solely for 
camouflage purposes, was excellent. °. 

They had, on the other hand, one or two chemists and dyeing 
experts. 


13. AMERICAN ORGANIZATION. 


This was divided into :— 


1. Shop and Replacement Battalion. 
2. Battalion for each Army. 


Shop and Replacement Battalion. 


This was commanded by a Lieut.-Colonel, who was the Head of 


the whole Camouflage Service, and was attached to Chief Engineer 
at G.H.Q. 


There was a H.Q. and 2 Companies—the total strength, excluding 
medical and transport, being 27 officers and 538 other ranks. 


Transport: 2 cars, 3 box-cars and 8 lorries. 


Their function was production and education, and roughly 
corresponded to our Base factories. 
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, Army Battalion, 


Commanded by a Major—with H.Q. and 2 Gaines =a58l 

strength, 32 officers and 524 other ranks. 
Transport: 1 car, 20 motor-cycles with side-cars, 21 box-cars, 
I lorry, 100 bicycles. 

The majority of the personnel were armed with revolvers. 

The O.C. corresponded with our Army Camouflage Officer. 

Fach Corps had a captain and 4 men—each Division, 1 subaltern 
and 4 men. 

In addition, 4 officers and 16 men administered the 4 to 6 dumps 
in the Army area, which were accessible to Divisions. 

The remainder of the personnel was utilized on camouflage work 
in the Army area for which no particular formation within the 
Army could be held directly responsible. | 


Comments. 


The American organization was built on the experience gained by 
our own and the French. 

It overshadowed ours in respect of numbers and transport. 

In regard to numbers, they were expected to do far more actual 
erection and forward work than in the British Army; but it must 
be remembered that they were dealing with troops that were not 
fully trained. 

In the matter of transport they appear to have been well—but 
not too well—equipped. 


14. Liaison. 


From August, 1918, onwards the Heads of all the Allied Camouflage 
Services met at a monthly conference. 

Previous to that, liaison was more or less haphazard, though 
constant. It never occurred that any section had adopted any 
innovation without the other sections becoming quickly aware of 
the details. 


CHAPTER II. 
PRODUCTION. 
15. FACTORY PROCESSES. 


Throughout the history of the Park the ruling idea was to 
standardize articles, as far as possible, in order to facilitate quantity 
production, and to perform every process mechanically if possible. 
The lack of mechanical officers was a serious handicap. Such as 
joined from time to time were all sent up the line, as it was con- 
sidered that the work there was the more important, and the artist 
element needed a mechanical leaven. 

The workshop management was Consequently in in the hands of_ 
comparative amateurs, as the O.C.s Parks were far too busy with 
administrative work to be able to devote as much time to the subject 
as it demanded. | 

Every credit must be given to the O.C.s Northern and Southern 
Parks for the energy and resource with which they tackled the 
problem of increased production. Considering the unsuitable 
premises they occupied, their limited resources, and the continual 
necessity for visiting persons and places all over a two-Army front, 
they worked wonders. 

A remedy for the last of these difficulties was sought in the new 
organization (applied in July, 1918), under which factory processes 
were divorced from advisory work in the Field ; and the immediate 
results were most encouraging. One factory (Rouen) was particu- 
larly progressive, and practically every operation connected with 
the painting and stripping of canvas was performed mechanically. 
The other factories were in process of doing the same, and were only 
waiting for the necessary machinery. 


16: MACHINES. 


Each Base factory was equipped with the following machinery :— 
Prime mover (either electric, or oil, or steam engine). 
I lathe (5-in.). 
I band saw (Wimereux, 3). 
1 drill (up to 1-in. holes). 
I paint grinder (small, for re-grinding waste). 
Besides these there were on order for each factory :— 
2 paint-spraying machines with air-compressors. 
I grinding machine (36-in.). 
I boiler (500 lbs. at least). 
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These were exclusive of home-made articles, such as painting and 
stripping machines, paint-mixers, etc. 

The above can be regarded as the minimum requirements of a 
self-supporting factory, and may require supplementing for particular 
manufactures. For example, the production of Chinese attack 
figures involved two additional band-saws at Wimereux. 

In addition,a dyeing plant,of a somewhat promiscuous character, 
was installed at Wimereux. This worked continuously from early 
1917, and was always being added to, as the amount of material 
to be dyed increased. As experiments in dyeing progressed, which 
were carried out by an officer chemist and an assistant sapper, it 
was found that some processes, which had been carried out by 
painting, could be equally well performed, and with greater economy, 
by dyeing. The termination of hostilities arrived just as arrange- 
ments were being made to dye also at Rouen. A good deal of 
dyeing was carried out, by contract, at Amiens, in the urgent times 
of 1917. Nevertheless a dyeing equipment was not regarded as an 
essential for a factory, since the work could be better done in bulk 
in England. 

An absolute essential to every factory was some method of drying 

their production of canvas strips, nets, etc. This problem was 
never solved, and proved a most serious handicap. All painted 
Canvas, especially if oil is used in any quantities as a medium, will 
heat if stacked when wet. There was a constant danger from fire 
from spontaneous combustion, and continual and elaborate pre- 
cautions had to be taken to prevent it. 
_ Fortunately, there were never any disastrous results, but the 
French, from whose misfortune useful lessons were learnt, on one 
occasion had a whole train burnt, and on another occasion their 
main painting shop (a large riding school). 

A further essential is a large covered floor space where work can 
be done irrespective of weather. Aeroplane hangars were found 
ideal for this purpose. 


17. CHEMICAL LABORATORY. 


An officer chemist was obtained from the Special Brigade in 
October, 1916, and a laboratory was set up. This was an absolute 
necessity and did excellent work. 

The chief subjects studied were :— 

(a) Fireproofing. 
(5) Paints. 

(c) Paint mediums. 
(2) Dyeing. 

(a) Fireproofing —This is dealt with in Chapter ITI, para. 27, 
The subject was studied with other objects at the instance of the 
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Director of Works and others, e.g., fireproofing of buildings, tents, 
curtains, etc. One of the results of this was the installation ofa 
plant (under control of the Q.M.G.) for the recovery of by-products 
—silicon, water-glass and grease from the waste liquids of the 
hydrogen factory near Arques. The water-glass was used as a 
fireproofing agent for wood-work. It was excellent for temporary 
buildings, but is believed to be unsuitable for permanent work, as 
it rots wood-work in time. 

(b) Paints —Efforts were being made to improve the quality of 
paints, and to analyse the paints that were supplied. Specifications 
were made governing the composition and shade of the various 
paints, but they were over-ruled by the hard facts of the case. 
Certain raw materials were particularly difficult to obtain. 

(c) Paint Mediums.—¥rom the first, water-paints, with asmalJl 
proportion of oil and large proportion of glue, were adopted, in: 
preference to oil paints, on account of the heating difficulty already 
alluded to. 

Experiments were being continually made to find the most satis- 
factory all-round medium as regardseconomy, accessibility, and safety. 

A novel medium was tried and adopted, as far as the supply went, 
in the shape of animal blood, obtained from the local abattoir. 
This proved very satisfactory. 

In the course of research work in this connection it was discovered 
that, by a very simple process, an excellent substitute for gum or 
glue for adhesive purposes could be produced at about one-sixth 
the cost. Considerable quantities of this were supplied to C.O.O., 
Boulogne, for truck labels. 

This substitute was reported to Controller of Salvage and Ordnance, 
in the summer of 1918, with a view to the possibility of its being 
adopted universally. 

(2) Dyeing.—Preliminary lack of knowledge on the subject of 
dyeing led to many mistakes being made, notably the use of green 
dye to represent grass. In the enda series of dyes had been adopted 
which gave a very wide range of earth colours. A reliable dye to 
produce a good grass colour was not found until later, and even 
then it was doubtful whether it was either obtainable in quantity, 
or cheaper than paints. 


18. STORES. 


Stores were obtained from three different sources :— 
(I). Vocabulary stores from A.O.D.—three-monthly estimates (see 
Table ITI). 
(2). Building materials and R.E. stores, either locally or from 
| Calais—monthly estimates (see Table IV). 
(3). Special stores through F.W.5, War Office. 
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Later, the Director of Engineering Stores provided for (3), a six- 
monthly estimate being furnished. 

The difficulty of obtaining suitable paints has been alluded to. 
Those provided normally by A.O.D. are designed for the purpose of 
preserving buildings from the ravages of weather—art is naturally 
a secondary consideration. They proved very variable in quality, 
and the specifications were evidently loose. Further, the lack of 
certain raw materials and the extraordinary and sudden growth of 
demands, which occurred at most inconvenient periods, 7.¢., just 
after the estimate for the ensuing quarter had been submitted, made 
the supply of paints a difficult matter. Shortages were of constant 
occurrence, and supplies of very inferior paints had to be accepted 
in response to urgent supplementary demands. 

These were made good, as far as possible, by purchase in France. 
It was very difficult to frame specifications which manufacturers 
could be forced to adhere to. It must be added that the wave of 
‘camouflage ’’ enthusiasm which swept over England led to an 
enormous expenditure of paint and increased the shortage. Buildings 
of all varieties, which were neither concealable nor in danger of 
becoming targets, were liberally treated to floods of paint ; the only 
result of which was often to make them more conspicuous from the 
air than before. 

_ The problem was in a fair way to solution when hostilities were 
suspended. Also, steps had been taken in England to puta stop 
to the indiscriminate painting of factories, etc. 


Canvas and Scrim. 


These were supplied through A.O.D. to begin with, but the supply 
was taken over later by D.E.S. 

On the whole, the flow of supplies was good. Occasional shortages 
were made good by purchase in France. 


Wire-Netting. 


This was at first supplied through the Engineer-in-Chief, and 
later through D.E.S. At various times there were great shortages. 
Eventually it was arranged that the Camouflage Parks should have 
a special allotment, it being specified that all wire-netting of 1r}-in. 
to 3-in. mesh should be taken. 


Fish Nets. 


These were originally obtained in France, until arrangements had 
been made for a constant supply from England. It cannot be said 
that they proved altogether satisfactory. Both Corps camouflage 
officers and clients preferred them to wire-netting because they 
were so portable, but they were not durable, and were difficult to 
erect satisfactorily. | 


I20 


A great advantage in them was that they were much quicker to 
produce. 


Dyes and Special Stores. 


Permission was given for certain more or less direct dealing with 
F.W.5 on the subject of special stores, covering indents being sent 
in through Engineer-in-Chief. 

In summer, 1918, arrangements were concluded for a civilian 
chemist to be attached to the staff of F.W.5 for the purpose of 
advising on all chemical questions involved in the purchase of 
special stores. These embraced paints, dyes, fireproofing. 


19. GENERAL OBSERVATIONS. 


The growth of a new science under the stress of war conditions 
was necessarily forced. At every period the inain object of the 
service was to produce something that would be just good enough in 
the shortest time possible. In such circumstances the best results 
could not be expected, and very much still remains for an Experi- 
mental Branch to do. This applies as much to the selection of 
raw materials as to the execution of practical work. Some idea of 
the magnitude of the work done during the War may be gained 
from Tables V to IX. 

Table X is a typical Monthly Return from the main factory at 
Wimereux. 


CHAPTER III. 
EXECUTION. 
20. OBSERVATION POSTS. 


It has already been briefly mentioned in Chapter I that the conceal- 
ment of observation posts was the chief form of activity up to 
July, 1916, after which the concealment of gun positions began to 
assume premier importance. 

Observation posts may be classified as :-— 


TREES—Direct observation by observer. 
PERISCOPES—Indirect observation. 
PARAPETS—Direct observation. 


The principle of all these O.P.s is the same, 1.e., the replacement 
of some existing object, whether tree, brick wall, section of parapet, 
etc., etc., by an exact external representation (reinforced by interior 
metal work) which will conceal, and give reasonable protection to, 
an observer or periscope, behind or inside it. 

The copy having been made after careful preliminary reconnais- 
sance, the original is removed and replaced by the copy during 
the night. 

The reconnaissance was always made by a camouflage officer, 
and was illustrated by coloured sketches. As the selected object 
was usually in an exposed situation and under direct enemy view, 
these reconnaissances presented some difficulty and were generally 
made at dawn. In only one instance was a photograph taken of 
the selected object. This was practically valueless, as the light at 
dawn was too weak. 

The next step was, in the case of trees, the construction of a 
small plaster model, finished in every respect, to enable the copy 
to be made in the workshops at the Base without the actual presence 
of the reconnoitring officer. 

A few days before completion, excavation drawings, together 
with a detailed statement of labour and transport, were sent to the 
formation concerned so that everything might be ready for the final 
erection by the camouflage personnel. 

In practice these excavations were seldom complete, and had to 
be finished off properly by the erecting party, who had some anxious 
times on that account from doubt as to whether they would get the 
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erection done before dawn. It is believed their work was never 
detected by the enemy, though in two particular cases (a tree and 
a telegraph pole, both accommodating periscopes) the work was 
within 50 yards of the enemy. About 6 trees (out of 45 erected) 
were destroyed by enemy shell-fire, whether by design or by accident 
it is impossible to say. 

The actual erection of trees and periscopes was always done by 
camouflage personnel, also the vast majority of parapet O.P.s. 
The experiment was tried of handing over parapet O.P.s to units 
to place for themselves, but this did not prove satisfactory. 

A later development in the O.P. industry was the provision of 
portable O.P.s, armoured or unarmoured, which could be easily 
carried by an individual and placed anywhere. 


21. TREES. 


The first tree actually erected by the Special Works Park-was 
reconnoitred, constructed and erected, under the supervision of 
Lieut.-Colonel Solomon on 11.3.16, 7.e., before the actual constitution 
of the Park (22.3.16). The exterior of the tree was real bark sewn 
on canvas and came from a willow in the King’s park at Windsor. 
The metal interior was specially designed in London. The external 
appearance of the tree was perfect, and indistinguishable from 
the real tree at a few paces. It was erected near Bridge 4 on the 
canal north of Ypres near Burnt Farm. Being small (only 8 ft. 
high) and specially constructed, it was easy to handle and was 
actually carried up and erected in one piece; it was, of course, 
quite close to a good lorry road, and a considerable distance from 
the line. In practice it proved of little use; it was too small to 
admit any but a most determined and enthusiastic man, and was 
too far off for good observation—faults due to inexperience. 

Sketches on Plate I show the standard metal interior of an O.P. 
tree. The metal was only bullet-proof as to its front. (Miris 
stee], -28-in. thickness, made and supplied by Messrs. Roneo.) 

The design was made in March, 1916, and sixty were ordered in 
England. It was considered, and the decision was justified, that 
a standard tree interior was necessary if delay in meeting demands 
was to be avoided. The design proved to be on the small side, 
but on the whole was thoroughly satisfactory. Its weight was less 
than half that of the French pattern (which was of 3-inch mild 
steel, built up in panels, bolted to upright T’s) and could be erected 
in one-third of the time with one-third of the working party. 

The French type was used up to July, 1916, until the English 
ones began to arrive. 

In the case of the French type, the erection invariably occupied 
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two nights and sometimes three ; in no case did the British tvpe 
occupy more than one night. 

On the other hand, it should be stated that the French type 
gave more room to the observer (2 ft. internal diameter), and further 
that they were unable to get hardened steel. 

On the whole, it cannot be said that O.P. trees proved a great 
success, the chief reason being that the trees selected did not always 
give observation that was absolutely vital, and which could not be 
obtained from somewhere else. In short, the principles laid down 
in S.S. 206—The Principles and Practice of Camouflage*—were not 
observed. The consequence was that the excellence of observation 
did not compensate for the comparative discomfort of the observer. 
This failure must generally be attributed to the formations con- 
cerned, and cannot be laid to the account of the reconnoitring 
officers, who neither knew the front, nor the artillery needs, and 
were therefore not in a position to argue the matter. This applies 
more particularly to the first year of existence of the Camouflage 
Service. 

Practically all the trees that were erected were north of the 
Bethune-La Bassée road, the country being flat and natural O.P.s 
rare. 

Plate II shows a typical reconnaissance by a camouflage officer 
for an O.P. in Ploegsteert Wood. Plate III is a copy of the plan 
sent to the unit responsible for doing the preliminary work of 
excavation, and Photo (v) is a back view of the O.P. taken two and 
a half years after it was erected. 


22. PERISCOPES. 


The original periscopes used were of French manufacture, 6 ft- 
6 in. or 10 ft. long. 

Designs for improved periscopes were made in the light of 
experience gained, and were eventually executed by Messrs. Ross 
in England. The difficulties of getting lenses, and the congested 
state of such firms in England as were capable of making periscopes, 
led to a considerable delay in obtaining them. The eventual 
7 {t. 6 in. and Io ft. 6 in. periscopes made by this firm were excellent. 

The conditions which must be fulfilled, if successful use is to 
eventuate, were described in Section g of The Principles and 
Practice of Camouflage, and are, shortly, as follows :— 

(a) Periscopes can be used in two distinct ways :— 

(1) To obtain command ; or 
(11) To obtain head cover. 

* This pamphlet was issued in France in March, 1918. Sect. 9, pp. 15 and 16, 

points out among other considerations that ‘‘ It cannot be eed that a tree will 


form a comfortable O.P. It is, therefore, only likely to be used if observ ation on some 
important target cannot be obtained by any other means. ... 
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(6) In all cases provision in the shape of a lined bore-hole should 
be made, imto which the periscope can be lowered for 
cleaning purposes, or to protect it when not being used 
from damage by shell-fire. 

(c) Periscopes are optical instruments, and extremely liable to 
damage or destruction by careless treatment; cleaning 
the eye-piece or object glass with any gritty material will 
damage the lenses irretrievably. 

(d@) They can be placed in any object which can accommodate an 
internal tube 4 in. in diameter, such as a tree, telegraph- 
pole, brick wall, etc. 

(ec) Reasonably comfortable accommodation can be arranged for 
the observer, but it is important that concealed access 
should be provided. 


These conditions were usually observed in the case of periscopes, 
and some most valuable O.P.s were thereby obtained. The work 
entailed was sometimes very considerable, long tunnelled approaches 
being frequently made, notably in the case of periscopes installed 
at Verbranden Molen, The Bluff, and Hill 70. 


Erection of three 24-ft. Periscopes at The Bluff. 


Plates IV and V illustrate one of the most remarkable works of 
this description. 

These periscopes were erected for the X Corps R.A. and H.A. as 
artillery observation posts for the Messines battle. The excavation 
work was started by the 2nd Australian Tunnelling Company, on 
April 26th, 1917. The drives to the O.P.s were tapped off the 
6 ft. x 3 ft. gallery leading to the main underground defence system, 
the average length of the drives being 50 ft. At the end of the 
drives, just under the forward lip of the crater (nearest the enemy), 
a rise of 24 ft. was made, lined with steel tubing on account of the 
wet condition of the ground. At 24 ft. the tubing was discontinued 
and a wrought-iron pipe, Io in. diam., jacked to the surface. This 
part of the work proved very difficult, as the heavy rain caused the 
sides of the craters to slide. The pipes had to be withdrawn several 
times before they were got into a dead vertical position. 

The periscopes were fitted so that they could be lowered in case 
the craters were suddenly shelled ; they were also kept in a lowered 
position when not in use. The rising and lowering was done by 
means of pulleys, ropes and counterbalanced weights; lowering 
was also necessary for cleaning the top lens. These fittings were 
made for the purpose at Wimereux. 

The first of the periscopes was completed on May 26th, the second 
on May 2gth, and the third on June 2nd. After the excavation 
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was started no breaks occurred, shifts working day and night, the 
approximate amount of earth moved being 3,852 cubic feet. The — 
tops of the periscopes, which protruded above the ground about 
6in., were covered with a cap made of wire-netting and plaster 
painted so as to blend in with the colour of the surrounding earth. 

Two days after the second periscope was completed, one of our 
own shells exploded near the pipe, damaging the periscope and 
knocking the pipe out of the vertical. The periscope was repaired 
on the spot, and the pipe straightened up at night ; this had to be 
done from the outside, which necessitated digging down 12 feet 
by the side of the pipe, and pulling it straight with chain blocks. 
Owing to heavy enemy shelling and gas, it took two nights to 
complete. 

After the advance all three periscopes were salved in good con- 
dition. The lip of the crater where the pipes came out was about 
80 yards from the enemy’s front line. 

Plates VI, VII and VIII show a typical periscope tree—‘“‘ Choat.”’ 


23. PARAPET O.P.s. 


These eventually consisted of two main types :— 


(a) The Oliver, of which the dimensions were governed by the 
ordinary sniper’s plate. 

It was impossible to foretell the numbers that might be required, 
and therefore it was designed to take either a special front with sliding 
shutters to cover the loophole, or an ordinary sniper’s plate. 

The front only was armour-piercing bullet-proof, the remainder 
was merely shrapnel-proof, and large enough to accommodate a 
single observer with field glasses. 

Plate IX illustrates a typical excavation drawing for a parapet 
O.P. with sandbag or earth front with cabin, Oliver type. 

(b) The Roland was designed to meet the requirements of sentries 
only. The front was ordinary bullet-proof, the remainder shrapnel- 
proof, and the whole was mounted on handles for convenience of 
transport. It calls for no special comment. (Plate X.) 

In addition, the Beehive O.P. was supplied to meet the demands 
of an offensive. It was unarmoured, portable and easily placed. 

This is illustrated in Plate XI. 


Erection of Special Type Observation Post at Bluff Bank. 


Occasionally O.P.s of a special type were demanded for special 
places. Plates XII and XIII give details of such a one erected 
near Hollebeeke. Work was started on June 28th, and completed 
on July 2oth. These observation posts were erected for the X Corps 
H.A. and R.A. 
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The excavation work was done by the 175 Tunnelling Company, 
and consisted of a drive approximately 160 ft. in length, open- 
ing out into a chamber 12 ft.x14 ft.x6 ft.; out of this chamber 
two 3ft.x2ft. box rises were made, which came directly up the 
centre of two large mounds of earth, the height of the rise being 
about 14 ft. above the roof of the chamber, and on the top of these 
rises two steel E type O.P.s were erected and camouflaged in such 
a way as to blend with the mounds of earth. The total amount 
of earth moved was 3,804 cub. ft. 

The greatest difficulty in this job was met in getting the material 
to the site, owing to heavy enemy shelling. 

The observation posts were about 250 yards from the enemy front 
line. 


24. CHINESE ATTACKS. 


Dummy silhouette figures were first made to supply a demand 
from the 46th Division in May, 1917, for use inaraid. Their purpose 
on that occasion was to draw fire off the raiding party. 

The original 300 supplied were made of 3-ply wood and hand- 
painted, all the available talent in the park being turned on to 
the work, which was completed in four days. 

The problem of rapid execution was then studied, and eventually 
they were made of stout millboard, stencilled, and made in ten 
different types which covered the various attitudes that might be 
assumed by a man between the lying and upright position. The 
whole process was carried out by unskilled woman labour, and, 
in view of the demand that arose, became a standard factory 
production. Millboard was adopted because 3-ply was unobtainable 
in sufficient quantity, though the latter would have been much 
more suitable. 

They were used :— 


(a) To draw off a real attack. 

(6) To test an enemy barrage. 

(c) To make the enemy disclose his machine-gun positions and 
defensive arrangements. 

(d) To make him man his parapets and expose himself to shrapnel, 


In all these réles the attack figure proved very successful when 
properly handled by trained personnel. 

Platc XIV shows the general method of fixing and operating 
dummy figures. 

In one Corps during the third battle of Ypres the Corps Cyclist 
Battalion was specially trained in the use of these figures, and 
their work proved most useful during the general attacks. 

The method of employment was as follows :— 
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Silhouette figures were carried up the night before the attack, 
and placed in positions where they would be seen by the enemy 
directly they were raised. The method of fixing them was as 
follows -—-The base of the figure was held down by means of staples, 
and a wire run from the head of the figure to another staple im- 
mediately in front, this wire being of such length as to allow the figure 
to be raised just short of the perpendicular. On the back of the 
figure was hinged a light stay, which was attached by wire to the 
head of the figure, and to which the operating wire was fastened ; 
the idea being that, when the operator pulled the figure up, the 
strain came first on the light stay which rose to the perpendicular, 
and then on the figure itself. On releasing the strain, the weight 
of the figure lowered it to the ground again. 

As the ground permitted, groups of up to six figures could be 
operated by one main wire, and by one man. 

The fixing and placing in position of the figures had to be carefully 
done and by men previously instructed in the work. 

Examples .— 

On July 28th, 1917, three days prior to the Fifth Army attack, 
a practice barrage was carried out along the whole Army front ; 
some 300 figures were placed in position and worked for half an hour 
along the Corps front. The results obtained were that the enemy 
was discovered to be holding his front line, and five machine-guns 
were located. On this occasion, after the barrage ceased the figures 
were left standing to show the enemy that he had been fooled, 
with the idea that on the day of the real attack he would look twice 
before calling on his artillery to put down a barrage. 

Plate XIVa illustrates the use of similar figures in connection 
with an operation of some magnitude on the Messines front on the 
1gth—2oth September. This is of particular interest as the dummy 
figures were all made, erected and worked by a Field Company, R.E., 
a sample figure from the Camouflage Park being copied. 

The plate shows the arrangement of the figures; when the 
detonators were exploded they cut spunyarn which was holding 
the figures down. 

The whole operation was a great success. 

On the 26th September 280 figures were mounted and worked for 
some twenty minutes, during which time they were al) smashed and 
rendered useless by machine-gun, rifle, and shell-fire. They were of 
material assistance to the attack of one infantry brigade, as they 
occupied the attention and drew the fire of the enemy from a direction 
in which flanking fire could have been brought to bear on the attack. 
The enemy reported on this occasion as follows :— 

“The attack opened with drum-fire, with unheard-of intensity— 
behind a wall of dust and smoke the English infantry pressed 
forward between Langemarck and Hollebeke ; the enemy, attack- 
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ing many times both sides of Langemarck, was continually beaten 
back by our fire.” 

On the greater part of this front no infantry attack other than 
silhouettes took place, so that the enemy’s report testifies to the 
success of the ruse. 

A very successful raid on the Hulluch front was carried out under 
cover of two dummy demonstrations. 

The figures for the southern dummy raid were laid out in two 
rows of 60 figures each between the front and support trenches, 
and occupied a frontage of about 200 yards. The figures were raised 
into position at zero minus 40 minutes, and brought down a heavy 
barrage one minute later, which continued for three-quarters of 
an hour. 

For the northern dummy raid another 120 figures were laid out 
between the front and support lines ; they were raised into position 
at zero minus three minutes behind a smoke barrage, and 
although this front was trench-mortared steadily from zero 
minus 30 minutes onwards, the figures were not noticed until 
zero plus one minute, when the hostile fire from trench-mortars 
and guns increased and lasted three-quarters of an hour. The 
trenches in rear of this dummy front and communication trenches 
in the vicinity were also heavily shelled. There were 116 hits on 
the southern group of figures, and 113 hits on the northern group. 

The hostile barrage on the front of the real raid did not open until 
half an hour after zero. 

In the case of another raid the figures were arranged in groups 
of seven, with three types of figure in each group, the centre one 
in each case being standing. There were four groups on either 
flank of the attack, placed in No-Man’s-Land, the groups roughly 
arranged in echelon. The figures were raised by wire cables from 
pits about 200 yards away, each pit being manned by two men. 
The number of hits on these figures proved that they drew.a large 
amount of fire, and their success was confirmed by the German 
wireless reports, which spoke of a raid on a 1,500 metre front, whereas 
the actual front was barely 400 yards. . 


25. MISCELLANEOUS PRODUCTS. 


Dummy Heads.—These were first made by the French in winter, 
Ig15, at Amiens, and were principally used by British snipers. 
Sniping was much more prevalent on the British front than on 
the French, and the value of these heads for the location of an 
enemy sniper was quickly recognized by certain sniping officers; 
thus they became a regular production of the factory. 

Sniping died down very much in 1917, and the manufacture was 
discontinued. 
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Their success depended entirely on the way in which they were 
employed, which, needless to say, in turn depended entirely on the 
training and keenness of the individuals using them. 

Certain sniping officers who used them intelligently were enabled 
to put an absolute stop to sniping on their front, so rapid and accurate 
was their location of the enemy snipers. 

Plate XV shows one method of using dummy heads for locating 
snipers. 

Sniping Suits.—These, as taken over from the French, consisted 
of loose-hooded blouses reaching to the knees, painted to harmonize 
with various backgrounds. Gloves and rifle covers were also 
provided. 

Later, at the request of the Second Army Sniping School, a species 
of loose-fitting boiler suit was substituted, for the reason that the 
blouse was unsuitable for crawling. At the same time, the Symien 
pattern of sniping suit was produced—users could have their choice. 

A large number of suits were made and issued, and were in great 
demand among units who were active in davlight patrols and sniping, 
particularly on the Third Army front after the enemy withdrawal 
in the spring of 1917. 

Dummy Tanks.—These were still in the experimental stage at 
the end of the War. 

Silhouette Practice Targets —Head and shoulder targets were made 
and supplied to infantry and sniping schools to encourage marks- 
manship. 

Similarly, special figure targets were made for training R.A.F. 
pilots in shooting on troops marching along a road. These were 
demanded and supplied only towards the last phase of the War. 


26. CONCEALMENT OF POSITIONS. 


This constituted the vast majority of the work of the Park, and 
the compliance with demands threw the greatest strain on its 
resources. 

The principle that nature could be imitated by painted canvas 
was accepted from the French, and though suspicions were very 
soon aroused that this was not correct, it was not definitely disproved 
until the spring and summer of 1917, when an Experimental] Section 
was established on the aerodrome at St. Omer, to whom every 
facility for flying and photography was given by the R.A.F. 

Fortunately the demands for concealing positions were not very 
great or important during 1916. Considerable material was prepared 
for the Messines offensive, originally planned for autumn, 1916, but 
the offensive was postponed. 

Meanwhile it had been found that the use of some substitute 
for grass, tied into wire or fish netting, gave better results than 
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grass itself. This idea was pursued, though it did not eventually 
oust painted canvas altogether till the spring of 1917, as preliminary 
difficulties of production and supply of netting had to be overcome. 
Raffia (or gardeners’ bast) had been used by the French in their 
O.P. work.for imitating grass, and this was the material adopted 
at first. Later canvas strips were used. 

The Arras offensive in April, 1917, was furnished with both 
painted canvas and raffia netting. This was the first experience of 
a big and insistent demand, and though complete details of the 
proposed concentration, for which the amount of material required 
was worked out, were given in January, 1917, the actual amount 
required and furnished was more than double. 

During 1917, a year of offensive, demands were made for the 
concealment of works of all kinds, 1.e., spoil from tunnelling, machine- 
gun positions, gas projectors, dumps, tanks, aeroplane hangars. 
These will be dealt with separately. 

As an instance of the amount of camouflage used in one uperation, 
the Cambrai offensive of 20.11.17 is instructive. 

Three weeks’ warning was received. Supplies were sent both 
from Wimereux and the Northern Special Works Park at Aire, to 
supplement those from Amiens. Additional officers and all available 
transport were also sent to assist. About 450,000 square yards of 
wire-netting and fish-netting camouflage, and painted scrim were 
supplied. In addition, special nets were made at Wimereux for 
400 tanks, equivalent in area to about 40,000 square yards, making 
a grand total of nearly 500,000 sq. yds. 

For the first time concealment was provided for concentration 
of the troops themselves, existing cover in villages and woods being 
supplemented, and a camp completely covered by a comprehensive 
horizontal cover over the whole area of bivouacs. 

This offensive is also unique for the reason that fair warning was 
received, and comparative quiet on the rest of the front enabled 
all available resources for camouflage to be concentrated. 

Generally speaking, every Corps camouflage officer was fairly 
well supplied with air photographs of gun positions in his area. 
Great difficulty was, however, experienced in getting photographs 
taken quickly of particulary positions, which was an essential pre- 
caution. The only solution of this difficulty would seem to be the 
definite attachment of a photographic machine to the Camouflage 
Service in each Army. 

In February, 1918, the principle was established of having mosaic 
air maps made of each Corps front at regular periods, whereby gun 
positions might be constantly examined, or batteries sited with 
reference to facilities for concealment. This was, perhaps, the 
greatest step towards scientific camouflage made during the War. 
The offensive of March, 1918, and the subsequent course of operations 
brought it to a premature end. 
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27. GUN POSITIONS. 


It has been already stated that canvas sewn up into large 
rectangular sheets, painted to give a true representation of the 
locality, was used at first. The sizes of sheets varied according to 
the type of gunand position. 36 ft. x 36 ft. was selected as a standard 
size for an 18-pdr. The canvas used was obtained from Ordnance 
in bales 6 ft. wide. It is at once obvious that a very large amount 
of sewing was involved. At first this was done by man power, but 
very shortly motor-driven sewing-machines, operated by women, 
were installed. 

The covers were erected over the gun on some sort of frame-work 
and came down to the ground on all sides, the whole forming a 
mound. This mound system obtained until the autumn of 1917, 
when it was condemned in a general sense by the result of experi- 
ments at St. Omer, and was replaced by the “flat top.” This 
was adopted also by the French, who were impressed by the experi- 
ments. The value of canvas in the form of painted sheets was 
definitely discredited by this time also, as it was found that canvas, 
having no texture (1.e., containing no shadow) “ blazed ’’ photo- 
graphically when the sun was anywhere except directly overhead. 

In August, 1916, a portable set for 18-pdrs. was evolved, con- 
sisting of a 30 ft. x 30 ft. fish-net, garnished with dyed raffia, and 
a light iron frame of arches supported on four gas-pipe uprights 
with appropriate guys (see Plates XVI and XVII). This was issued 
for trial and report to several batteries and so favourably reported 
on that it became a standard article of manufacture. 

In the various offensives of 1917 every 18-pdr. taking part was 
equipped with a portable set. As the supply of iron fell short, 
a wooden set was substituted. 

Sets for heavier guns were also issued later, but, not being a 
success, were soon abandoned. 

Further experience with these sets brought to light two very 
serious defects :— 


(i) The fading of the green dye in strong sunlight. 
(ii) The inflammability of the net and raffia. 


(i) This was solved by abandoning the use of raffia and substituting 
canvas strips, painted with water-paint. A threatened shortage 
of raffia (which came from Mozambique) precipitated this decision. 
Special machines were evolved for painting and stripping canvas 
in large quantities, which effected a great saving in expense, and 
led to enormously increased production. 

It may be mentioned that a satisfactory green dye was never 
found, even by the enemy, as evidenced by examination of his 
camouflage materials. The French dyed their materials up to the 
last, but the result was not really good. 
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(ii) So alarmed were the gunners at the number of fires that 
occurred, that in some cases the use of unfireproofed camouflage 
was forbidden. 

The problem was attacked in two ways :— 


(a) By attempts at fireproofing, and 
(5) By endeavouring to fix the nets well out of reach of the flash 
of discharge. 


(a) Fireproofing was never satisfactorily solved until the summer 
of 1918. The problem was submitted to England in autumn, 1916, 
but no Satisfactory solution was forthcoming. 

Apparently no chemical was known which rendered material 
fireproof and yet was itself waterproof. The only salt found that 
did fulfil these conditions was APM (magnesium ammonium 
phosphate) ; this was hurriedly adopted and ordered, only to show 
that it was unstable in practice and, further, seemed to cause the 
decomposition of the glue, paint and nets, so it was abandoned. 

Meanwhile experiments were being made by a new process to 
fireproof the material (canvas) itself. This was eventually success- 
ful, but the termination of hostilities coincided with the placing of 
orders. 

It should be mentioned that the French were equally baffled by 
the problem. | 

(6) The second method was more successful, so much so that in 
1918 the question of fireproofing was re-submitted to the R.A., and 
the answer was that no trouble had been experienced, and that 
therefore it was only necessary in isolated cases. 

The panic of 1917 was largely due to the massing of enormous 
numbers of guns in very confined areas, the incessant shooting, and 
the destructive effect of area shoots by the enemy. 

Portable sets were issued up to the autumn of 1917, but the 
advent of the ‘‘ flat top ”’ killed them, as a set which could be erected 
horizontaJly over the gun ceased to be portable. In the end, guns 
simply carried a net without supports. 

The later trend of experiments was in the direction of a frame 
that could be fastened to some portion of the gun, and support a 
net covering an area on either side of the gun. 

It is impossible to particularize on the treatment of heavy guns. 
Sufficient material was issued (wire- or fish-netting indiscriminately), 
depending on the supply of wire- or fish-netting at the time. In 
many cases a definite disguise was adopted, such as a house, hay- 
stack, railway truck. 

The most difficult problem that arose, perhaps, was that of snow 
camouflage. In 1916 practically nothing was done. Snow fell 
early in the winter of 1917, before the middle of December, and 
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lasted some three or four weeks. White calico, obtained from 
Ordnance, was issued. It was intended to issue it in the form of 
large irregular patches, but the enormous amount of sewing involved 
and the eventual suddenness of the demand prevented this ; conse- 
quently it was distributed, partly in ros and partly in large irregular 
patches, which were placed on top of the existing nets, and to 
cover the blast marks. 

In places where the snow did not present an unbroken surface 
these patches were of value; but where the whole countryside 
was completely covered, nothing was of any avail, and the aeroplane 
reigned supreme. 


28. CONCEALMENT OF SPOIL. 


Large quantities of painted scrim were issued for this purpose 
to Tunnelling and Field Companies. Scrim, being of a very much 
More open mesh than canvas, and therefore possessing texture, 
proved suitable for this purpose, when properly applied. 

This was chiefly supplied during and after the summer of 1917. 


29. MACHINE-GUN POSITIONS. 


Dealings with Machine-Gun Companies were never as extensive 
as they might have been. A sporadic demand was met by the design 
of the ‘“ pop-up” cover (Plate XVIII). This was extensively 
employed on the defence line work in the winter of 1917-18. 

In July, 1918, at the request of the Inspector of M.G. Units, 
G.H.Q., a portable cover was designed to be carried by every gun. 

After various trials, a scrim cover, 8 ft. x 8 ft., furnished with odd 
bunches of rafhla, and painted grass-colour one side and earth the 
other, was adopted and issued during September and October, 1918. 
A label was attached to every cover with the following simple 
instructions as to general principles of concealment :— 


How to Use this Camouflage—It 1s only meant for Open Warfare. 


1. There is no magic in this cover. You must use local material, 
such as grass, weeds, twigs, earth, rubbish, as the case may be, 
or else you'll be SPOTTED easily. 

2. Choose a DARK BACKGROUND and NEVER get on a SKYLINE. 
Shadows help to conceal you from enemy aircraft. 

3. Use the GREEN side when on grass or vegetation, the BROWN 
side on earth or rubbish. 

4. When in position, DON’T MOVE unless you have to; then 
move gradually. 

5. Wrap a piece of canvas or puttee round barrel to stop reflec- 
tion. Look to your condenser and fittings. 
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6. Don’T select a position near any conspicuous landmark. 
Keep an eye open for alternative positions. 
7. Your face shows up a long way; wear a mask. 


No information was received as to the usefulness of this cover, 
and it is doubtful whether it had much practical trial owing to the 
rapid advance at that time. 


30. MISCELLANEOUS WORKS. 


Projector Emplacemenis——The extensive use of gas-projectors 
instead of cylinders initiated dealings with the Special Brigade. 
A small illustrated pamphlet was got out and issued to every unit, 
setting forth the principles of camouflage as far as they were con- 
cerned (see Plates XIX, XX and XXII). 

In January, 1918, an officer was attached to the Special Brigade 
for the purpose of lecturing and demonstrating to every unit. This 
had very good results. 

Painted scrim was chiefly used, sometimes being reinforced by 
tufts of painted grass or raffia. 

Dumps.—Many requests were made for the camouflaging of large 
depséts, such as Abancourt and Audruicq. Such an undertaking 
was manifestly impossible ; similarly in the case of more advanced 
dumps. It was always pointed out that camouflage of ammunition 
dumps in forward areas was only possible if the site were deliberately 
chosen with an eye to concealment, and if due notice were given, 
so that the camouflage could be erected before the dump was con- 
structed. This was hardly ever done. 

One or two dumps were, however, concealed—it is believed 
successfully—notably one near Hill Top, north of Ypres, in October, 
1917. This dump was about 400 yds. long by 24 ft. wide, situated 
between a road and a railway. It was converted into a camouflaged 
roof tunnel, averaging roft. high, of a variegated assortment of 
colours. The tumbled and broken nature of the ground all round 
assisted greatly. It was about 400 yds. behind the old front line 
of 1916-17. . 

Tanks—In January, 1917, an officer was attached permanently 
to the Tank Corps, to act as their adviser. 

All the materials they required for the early offensive in 1917 
were supplied by the Park until they were able to organize their 
own manufacture and supply, after which they were self-supporting, 
except for occasional or sudden big demands, such as that for the 
Cambrai offensive. 

Camps and Trains.—The concealment of camps was only attempted 
during the summer of 1918, when many headquarters were situated 
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in the midst of the devastated area and’ would have been very 
conspicuous to night bombers. 

The most comprehensive work was done for the Fourth Army 
H.Q. near Peronne. The result was said to be very inconspicuous 
to the eye of an observer, and was undoubtedly so at night. 
Photographically it was fairly obvious. 80,000 sq. yds. of material 
were used. 

_ Several other H.Q.s were also done, including the trains of both 
Third and Fourth Army Commanders. 

Hangars—In August, 1917, the R.A.F. asked for a supply of 
painted covers for their Bessonneau hangars in order to make them 
less conspicuous at night. A few experimental covers were made, 
and having been favourably reported on, the manufacture was 
continued. 

These covers were very large, each consisting of four pieces of 
scrim 50 ft.x 42 ft. each, hemmed all round, eyeletted at 3 ft. 
intervals, and painted. 

The amount of sewing entailed was enormous, and kept all sewing 
machines going night and day for a considerable time during the 
first urgency of the order. Wimereux was the only park that was 
able to tackle the order. 

This difficulty was represented to the R.A.F. with the suggestion 
that the covers should be supplied from England. This was agreed 
to, but the covers did not begin to arrive until October, 1918. 

In all, 845 covers were supplied, equivalent to 800,000 sq. yds. 
of scrim. 

Road Screening.—Though this was at first declared to be outside 
the sphere of camouflage, it was eventually undertaken in August, 
1917, in order to standardize types and to relieve Armies and Corps 
of the trouble of starting factories of their own, the Park having 
already the necessary experience and facilities for the work. 

The heaviest demand for road screening occurred as a result of 
the German capture of Kemmel in April, 1918. So urgent was the 
consequent demand that the factory at Wormhoudt concentrated 
all its personnel on this alone. In five weeks 163,000 sq. yds. of 
road screening was made and issued from this factory. This was 
equivalent to 14 miles of screening, 6 ft. high, per day. 


31. WorRK OF EXPERIMENTAL SECTION. 


This section, which has already been alluded to, was formed in — 
May, 1917, principally by Northern Special Works Park, and was 
located on the flying ground at St. Omer. It consisted of one officer 
and eight other ranks. Later it was joined by another officer. It 
was closed down in November, 1917, when the weather became too 
unsettled for further investigation. 
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Subjects for experiments were forwarded to this section through 
the three parks, copies of the results of observations, comments 
and photographs were sent to each park for circulation. 

Every camouflage officer paid visits, and the majority flew over 
the exhibits. 

It was also visited by the French and Americans. 

Apart from valuable information on the subject of colour values, 
shadows, materials, photographic appearance of various terrain, 
etc., etc., it may be said that the principal results of these experiments 
were :— 


(a) The flat top principle. 

(b) The deliberate creation of irregular shadows by incorporating 
irregular masses of opaque material in all wire- or fish- 
netting camouflage. 

(c) Mosaic photographs of Corps areas. 


At the end of the War a great deal of research work still remained 
to be done, the science of camouflage being still in its infancy. 

In July, 1918, the Experimental Section was reconstructed at 
Wimereux, as provided for in the reorganization which was 
eventually authorized in October, 1918. 

Results of experiments carried out at Wimereux, and also selected 
examples of work at the front, were issued to each Army camouflage 
officer and factory. 

A monthly conference was held at the office of the Controller 
which was attended by the Army camouflage officers, the O.C. 
Base factories, the experimental and chemist officers. 

At these conferences questions of policy, both as regards work 
in the field and work in the factories, were decided. The results 
of any experiments or experiences were communicated also. 


32. ENEMy CAMOUFLAGE. 


From numerous captured documents it appears that the results 
achieved in our Army by the use of camouflage were so successful 
that the enemy was impressed by its necessity, and great efforts 
were made to promote scientific camouflage in the German Army 
both by appealing to common sense and by disciplinary methods. 
Many of the documents furnish testimony to the particular success 
achieved by British batteries. It would have been interesting to 
learn his views on other branches of camouflage, such as O.P.s and 
Chinese attacks, but apparently nothing was captured referring 
to these. 

Large quantities of enemy camouflage materials were eventually 
captured in the summer of 1918. From these it was evident that 
he was a long way behind us in the manufacture of artificial camou- 
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flage, whilst there were no grounds for supposing that he displayed 
any better aptitude for concealment than our own. 

The following notes on enemy methods were circulated in February, 
1918. Nothing of importance to add to this was subsequently 
found, beyond the adoption of artificial material :— 


Summary of Information, 20.2.18. 


Preliminary Concealment. 


As a general rule preliminary concealment has been neglected, 
with the result that subsequent concealment, though well carried 
out, has been of small value. There are signs, however, that the 
enemy is beginning to pay more attention to this subject. 

The material used is for the most part obtained locally, in the 
shape of reeds, grass, branches, yew, ivy, etc. 


Concealment of Completed Works. 


Considerable care is taken to conceal completed works. Turfing 
is a favourite method, and the slopes are made gentle. In the 
Dunes, concrete has been given a rough and wrinkled surface to 
make it resemble the natural surface. 

Frequently batteries are placed in trenches. Natural cover, such 
as afforded by ruins, wood, etc., is made use of wherever possible. 
In woods the existing cover is thickened by addition of branches 
concealing not only the emplacement but also tracks and shelters. 
It has been observed in a few instances that a lane has been cut 
through the intervening branches to allow shells to pass. This, of 
course, is not visible in a vertical photograph. 


Tracks. 


Considerable attention is evidently paid to the concealment of 
tracks—either by (a) digging trenches and then covering them 
over, (b) utilizing and supplementing existing cover of hedges and 
woods, (c) leading tracks past a position to a road or dummy position. 
But these precautions are frequently neglected in the preliminary 
stages. 

Attention is also paid to track discipline, and the confining of 
traffic to one track. 

Blast Marks.—These are carefully concealed, but the actual 
method employed is not known. The enemy frequently runs his 
guns into their emplacements by a ramp in front, which is subse- 
quently covered by an embrasure screen. It is possible that this 
ramp takes a good deal of the blast and throws the rest upwards. 

Flash Screens.—Artificial screens are used, but without con- 
spicuous success. Smoke is also employed, but it is often possible 
to see flashes through it. 
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Dummy Flashes and Shell Bursts.—It is known that dummy flashes 
and shell bursts are adopted. They are employed in conjunction 
with dummy positions, or some distance away from the real positions. 

Road Screens.—Methods of road screening are similar to our own. 

O.P.s and Snipers’ Posts ——Gauze is occasionally used to conceal 
loopholes of O.P.s and Snipers’ Posts ; but for the most part the 
enemy relies on the solid protection afforded by concrete and merely 
makes the loophole of irregular shape. He does not appear to 
recognize the fact that O.P.s are often given away by tracks leading 
up to them. _ 

Observation from the branches of tall trees is very common. 

Snipers and patrols use camouflaged suits; dummy heads and 
other devices for drawing fire have been employed occasionally. 

Wire-—Wire entanglements have recently been made of fine 

barbed wire arranged in fences so that it is only visible on an aeroplane 
photograph when conditions of photography are very favourable. 
— Obliteration of Ranging.—The enemy occasionally fills up shell- 
holes to defeat photographic record of counter-battery work, and 
has fired flashes to imitate our shell bursts, to defeat aeroplane 
observation. 
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Table I, 
SPECIAL WORKS PARK. 
WAR ESTABLISHMENT (MARCH, Ig16). 
(i) Personnel. 


Personnel. 


g | 3 é f 
o 0] = wH 
° |ee| § = | 8 
E 83] 3 m | 8 
io io 
jg | 6 
Major si en cae 
Captain ee ee ee |: 
Subalterns ... .. | 4(a@) 
Quartermaster see 
Company-Serjt. age I 
C.Q.M.S. ... 
Clerks 
Serjeants 
Corporals 
2nd Corporals 
Sappers 
Pioneers 
Total{excl. Attached) | 7 | 1 3 
Attached : 
Officers... wee | 3(C) 
R.A.M.C. 
Drivers, A.S.C., M. T. 
Batmen ... | 
Total (incl. Attached) ro | x 3 


(a) Includes 1 Mechanical Engineer. (5) Includes 6 Lance-Corporals. 
c) Artists. (d) Includes 1 Lance-Corporal. 


(ii) Transport. 
30-cwt. | Box Cars. 


Detail. Lorry. _ 5-cwt. Drivers. 
For Personnel ... = | 3 
For Delivery ... I 3 
Total I 6 
S.D.2. 


10th May, 1916. 
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Table II. 
HEADQUARTERS, CAMOUFLAGE SERVICE. 
War Establishment. 


Blight ad pg 
le eed) 2B le lela le 
O 
Detail. Petes e | SNS es 
e | 2 Seis | ~# ("|e lale 
se ae es ae = 3 
= = 


Controller of 
Camouflage 

Assistant Controller 
of Camouflage 
(Major) ... mr 

Experimental and 
Liaison Officer 
(Captain, R.E.) 

Chemist (Captain, 
Bea leed! ane 


Stores Officer and 
Statistics 
(Subaltern) 

Clerks 

Draughtsman 

Chemist's Assistants 

Attached : 

Batmen (Scale B) 
Drivers, A.S.C., 


Total (excl. Attd.) 5 


Total (incl. Attd.) 5 
CAMOUFLAGE SERVICE AT ARMY H.Q. 


Army Camouflage 
Officer (Major) I 

Clerk wits 

Draughtsman 


Total (excl. Attd.) I 
Attached : 
Batman (Scale B) 
Driver, A.S.C., 
M.T. 


__o_o. 


Total (incl. Attd.)...| 1 


(a) Lieut.-Colonel, Class X. (b) or Captain seconded to R.E. (c) 
Class 1. (d) Sapper. 3 


Digitized by Google 
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Table Ila. 
CAMOUFLAGE SERVICE AT Corps H.Q. 


War Establishment. 


Detail. | Offrs. 


Corps Camouflage Officer 
(Captain) ong see 

Assistant Corps Camouflage 
Officer (Subaltern 

Clerk sad ae 


Total (excl. Attached) 
Attached : 

Batman (Scale B) 
From Army Factory 


Total (incl. Attached) 


(a) Includes 1 N.C.O. 


ARMY CAMOUFLAGE FACTORY. 
War Establishment. 


Motor 
Detail. Offrs. | Sjts. | Cpls. RR. &F.| Ttl. Cycles. 
Captain I I 
Subaltern I I I (a) 
Clerk I I 
Serjeant I I 
Corporal I I 
2nd-Corporals 3 
Sappers 18 
Pioneers 2 
Total (excl. Attached) 2 I 2 28 : 
Attached : 
Batman (Scale B) I 
Total (incl. Attached) 2 I 2 29 I 


(a) With side car. 


(6) Includes x Lce.-Corpl. 
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ARMY CAMOUFLAGE FACTORY. 
Distribution of N.C.O.s and Rank and File by Trade. 


Artists 

Blacksmith soe 
Bricklayer or Mason _... 
Carpenters and ne 
Clerk dus 
Fitter 

Painters 

Tinsmith or Plumber 
Engine Driver or Boiler Attendant 
Electrician ule 
Miscellaneous 

Pioneers ... 


Total 


LO] wpwH Hn HQHHUHHD 
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Table Ib, 
BASE CAMOUFLAGE FACTORY. 
War Establishment. 


Detail. 


Officers. 
Staff Serjts. 
and Serjts. 
Corporals. 

Total. 
Motor Cars. 
Bicycles. 


| Warrant Officers. 
Rank and File. 


Major 
Captains 
Subalterns... 
Coy. Serjt.-Major | 
(W.O. Cl. IT) =- ee: 
Coy. Qrmr. Sert}. | I 
Clerks isthe sis tf a 
Serjeants is | 4 | 
Corporals.... ap | | | 8 
2nd-Corporals és | 
Sappers fis tte | 
Pioneers 


‘Zotal (excl. Attd.) ...| ro| xr | @| 9g 
Attached : | 
R.A.M.C. ... ee} | 
Sanitary details | 
Drivers,A.S.C.,M.T. 
ia akin 
Q.M.A.A.C. Personnel: 
Officials (Asst. 
Administrators) 5(c) 
Workers... Sead 25 
(d) 


| ey 


j } 
— 
} 


| 1 | Ir] 6] g| 207 | 25 


Total (incl. Attd.) 

(a) Includes 14 Lce.-Corpls. (6) Category-B. (c) I to supervise 
O.M.A.A.C. personnel, 4 to supervise 400-600 French women. (d@) 
Includes 2 typists. (Note.—Batmen provided on Scale C,) 


(ii) Transport. 


Motor 
Detail. Bicycles. Cars. Drivers. 
For personnel .. 4 I I 
For delivery ~ - 9 
Total... o 4 | 10 
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Photo iii. 


Photo iv.— Typical French Work. 
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GUN FRAME and NET for 18 P®® Gun «4 


..s . em 


V8.-- Legs 


Of frame for 4:5 How” 
ore 6 /opger than fov 
(8 Por (ON purrs 

5 a 


SKETCH SHOWING ARRANGEMENT OF FRAME ANO__GUYS_ 


J 
DETAIL SKETCHES 


Net rolled up when firing . 


SMETCH OF GUN IN __EMPLACEMENT 


Notes on use — 


Extend Sys to full extent to get pentie sicoe 

Roll up net comp/ete/y or top orf earch when hiring to erad Caenger Of sece-ng t alight 

Beste ef¥act Marumum cover is obtained by sinning both gun $ Frame aS Jeep aS posse: 6’e 

Quickest method of putiiog net over frame Cut the Cords § wnrol! net until mt becorres 
@ long sevsege. Lay ths sovsage mght over the middle of the erches she ustraton 
N° 2. then voroll the net towards the front and towards the back 

5. Adapt celurs to those of SUCTOUNGINES with mud 
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Piate XVII. 


GUN FRAME and _ NET for 18 Po’ Gun 4 4-5 Hows. 


Timber Pattern 


DETAIL SKETCHES SMETCH SHOWING 


STANDARDS CANTED 


Wet roiled up wher firms 


j » te 4 “4 o 
a " HE Mey? ~=EMPLACEMENT N23. 
7 ‘ i 


SKETCH OF CUN IN EMPLACEMENT. 


Notes on use - 

1. Extend guys to Tull extent to get gentle slope 

2. Roll up ret completely on top of oscs when tiring to avord Oanger of setting rt alight 

3. Bese erfect Maximum cover 19 obtenag by sinking both sur eng frame os veep at possble 

4. Gurchest method of putting met over frame Cut the cords $ wnroll net weil 1 becomes 
@ long sevusege Ley ths sausage right over the muddle of the oscs as 7 Mustration 
N23 Then error tne net fowercs the front ard towerds the bach . ‘ 

5. Carnouflage must be adapted tu surrovod ngs (a) 1 broken ground or bere earth, with 
mud (6) tn grase by ovtting Samething ark or al/ arcaveted earth or “ght - coloured obyects 
wich would otherwise show through the ret THIS 1§ ABSOLUTELY NECESSARY 

6. Canted position (as Fig N°2 $ dotted Imes m fig N° 3) can be used to alter profile and to lower 
Aegnt above ground sevel = Akerstron from vertical to canted position 1s mece by 
eleering s/ength of end 4 swe ropes wich are prowded extre forg 

7. Avoid regularity im _ shape 
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Table- ITI. 
FORM C 4 
se eeewisseawsiease ecceccseeeseeec AMOUFLAGE FACTORY. 
QUARTERLY FORECAST OF ORDNANCE STORES REQUIRED FOR [WEEKLY STOCK SHEET 
- FOR 
SOC Oesoneesooceeocsoeseecesees QUARTER, I9gI SATURDAY, cosccesee LOI 
These columns are only re- 
Norg.—Cross out the heading which is not applicable. quired to be completed 
for weekly stock sheets. 
Sect. Item. Unit. | Quantityrequired orf Receipts) Issues. ore 


stock in last Return 


2A 7 hae Brass E.... ae Nu. 
ire, Iron S.W.G. No. 12 Lbs. 


98 oD es oD 14 oD 


7 Knives, Trimming Ss. . No. 
8a | Spun Yarn ... ame .. | Lbs. 
9a | Plaster of Paris ges Wake a 


Green, Brunswick Dark ... | Cwrts. 
i Light... Pe 


Chrome, Lemon ¥ 
: » Orange jae ae i 
2| Umber, Burnt bss sk - 
7, Pe Raw ... wae — A 
a Sienna, Burnt euik Ses ‘s 
Py o» Raw oo 
Red Oxide : é i 
| White Lead ... : 
©! Yellow Ochre 7 “ 
White Spirits .-- | Galls. 
Varnish, Japan Gold, ‘Size “es a 
Driers, Liquid Lead, "Free ... e 
Linseed Oil, Raw... ea om 
Green, Brunswick Dark ..- | Cwrts. 
‘s Light... 4 
Chrome, Lemon sis aes “ad 
>, Orange ess bis Se 
Umber, Burnt ae one 3 
; es Raw ies eee ee 
a Sienna, Burnt oe re ‘es 
q o Raw 2 oe 
< Blue, Prussian - 
A » Ultramarine - 
>| Black ... ia 4 
| Red Oxide... oe 
A] Whitening... s 
Terra Alba... se 
Yellow Ochre a 
A. P. M. ee be 
Glue oe = 
Linseed Oil, Boiled Galls 
Varnish Copal Zs 


<2 | Sewing Machine Shuttles... No. 
13C | Thread, Linen Whited Brown : 


No. 18... .»- | Reels 
No. 25... Ske bud sig 
No. 50 


Calico vex ~ Sq. yds. 
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Table IV. 


FORM C 5. 
SOCCOHSSSCHOKESSHSHSHCHESCHSHOLSHSSHO RCE HEEB THES BOEE CAMOUFLAGE FACTORY. 
MONTHLY INDENT FOR R.E. STORES REQUIRED FOR WEEKLY STOCK SHEET 
FOR 
ioe eventdhGab Saived seaaswuuasida se weece tawaecspeaus IQI | SATURDAY, .....0..0IQI 
-—* These columns are only re- 
Norg.—Crose out the heading which is not applicable. quired to be completed. 


for weekly stock sheets 


i Quantity required o Stock in 


SasH Toots, Lity. 


Canvas, Hessian 72 ins. ... . \yds. run | | 
» Serim 72 ins. oes Scattl cagt .ag 
Gauze Wire Tinned eas ... | ft. run | 
Sapon Ses ue wi .- | Tons | | 
Boiler Suits Se en ee No. | 
Fish Nets... se | 
Knives, Special Cross Cutting ... | Gross. | 
| 
Paint BRusHES. | | 
Long Handled, Large ae a | | 
- » Medium ...| ,, | 
- » small wes ie | 
| | 
ONE KNOT CopPER WIRE BOUND. | 
No.8 ... ne cae Bie Doz. 
ot HOr acy we es eat - 
» 4 see eee see o 
99 2 ees aD 


No. 16 ... ean 


si 12Osé 

ao 9 ove 

go heey aac. Sas 

98 6 eee eee eee 

si 4 ise. eee ece 'y) 
Fitcuses, Hoc Harr. 

No. 12 ... eae ave he 
si os , ‘ “a 
12 IO as. ‘ ae 
ry) 9 oe bd > 
oo 8 20e * ee oo 
oo 7 ws bd bi 7) 
i ~ Oe ‘ : 

‘i 5 « * 
4 eee ee e 


Manganese Sulphate aes ... | Tons. 
Wire Netting oe Pre sists Rolls. 
Coir Lewing aes sea a ‘i 
Corrugated Iron... wes ... ‘Bundles 
Loophole Plates... digs oe No. 


. we e e 
° J Ld ° 
rrr rr te ne ce ee ee re, Moana! are 


°e had e. 
. s we 
i 
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Table V. 


STATEMENT SHOWING GROSS EXPENDITURE OF CERTAIN STORES 
DURING THE WAR. 


Description. 


Oil, Linseed, Boiled 

Raw 

Glue 

Canvas, Hessian 72 in. 
* Scrim, 72 in. 

Jean Khaki 

Calico, White 

Cotton 


Sapon 


Fish-nets (aver. 30 ft. x 30 ft.) No. 


Wire Netting 
Paint, Dry 
» G.inO. 


. Tons 


Quantity. 


151,630 
7,065 

435% 
10,561,500 
6,860,000 
1,600,000 
554,300 
28,660 

344 


94,000 


142,645 
3,022} 


521} 


Remarks. 


Nets varied in size; 
total quantity is 
equivalent. 
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Table VI. 


DETAILED STATEMENT SHOWING TOTAL EXPENDITURE OF PAINTS DRY 
AND GROUND IN OIL. 


Colour. 


” St Raw 


‘5 Terre de Sienna Burnt 


” *» i Raw 
Yellow Chrome Lemon 
rs 5 Mid Tint ... 
‘i “a Orange 
Yellow Ochre 
Vermilion 
Lead White ... 


Blue Ultramarine 
, Prussian 


Green Brunswick Light 


5 2 Dark 
m Emerald 
Black 
Whitening 


Red Venetian 
» Oxide 


Zinc Oxide 


eee ee 
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Table VII. 
TOTAL OUTPUT OF CERTAIN CAMOUFLAGE MANUFACTURERS. 
Concealment of Posttions. 
Painted Wire 
Canvas | Netting. 


Sheets. 
Sq. yds. 


Fish Portable Gun 
Netting. Sets. 


Sq. yds. Sq. yds. | 18 pdr. \Heavy 


| 
| 


959,092 | 6,281,455 | 7,493,856 | 12,816 


— 


3,228 | 4,195,994 | 850,795 


O.P.s and Miscellaneous. 


O.P.s. Portable O.P.s. | 


Snipers’ [Dummy] Chinese 
Suits. | Heads, | Attack 
oo Figures. 


Para- | Tree, | Peri- | Armoured.| U2 
pet. scope armoured. 


TD S| se 


~—6§8r | 645~«| «92 


920 
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CONCRETE DEFENCE WORKS AND FACTORIES. 
I. ‘In Situ ” CONSTRUCTION. 


WHEN the struggle on the Western Front settled down to trench 
warfare conditions, analogous in many respects to those of siege 
operations, attention was naturally directed towards the possible 
use of concrete, plain and armoured, in the construction of field 
positions. 

The advantages of a sound monolithic concrete structure were 
obvious, giving, as it would, protection against shell-fire with a far 
less thickness of cover than any other material. 

French figures for the relative amount of cover required for 
safety against an 8-in. shell were as follows :— 


Soft soil ... sen. 22e tt; 
Hard soil see, “TREES 
Chalk... .. 5 ft. 
Masonry ... .. 7 ft. 


Concrete, plain ... 5 ft. 
»  Yeinforced 3} ft. 


The disadvantages were, unfortunately, not equally obvious, 
especially to those who had not had practical experience in this 
type of work. They were, however, very formidable, the principal 
being :— 

(a) Great difficulty in transporting the material to forward sites. 

(b) Necessity for keeping the various ingredients (aggregate, 
sand and cement) clean and in good condition ; cement 
especially suffered from the inevitable exposure and damp. 

(c) Delay during construction in erecting shuttering and strutting, 
and waste in striking on completion. Timber could 
rarely be used more than once, and there was always 
a shortage. 

(2) Length of time required for “ setting ’’ and maturing. 

(ec) If reinforced, great difficulty in placing and fixing reinforce- 
ment under trench conditions, often by night. 

(f) Difficulties of concealment ; concrete became very obvious if 
earth or other covering was destroyed by shell-fire. During 
construction it was not easy to conceal the materials, 
mixing-boards especially showing up to aerial observation. 


and finally— 


(g) Lack of practical experience in the work on the part of the 
majority of engineers. 
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In spite of all these drawbacks a good deal of im situ work was 
done, principally on the fronts of the First and Second Armies. 
Through the personal initiative and determination of a few 
enthusiasts work was actually done by night in the front line, both 
M.G. emplacements and observation posts of mass concrete being 
made in the breastwork or high-relief trenches north of La Bassée 
canal; but for the most part such work was confined to reserve 
lines, where transport facilities were greater, and where often 
buildings were still standing that served to conceal the work. 
Plate I illustrates a M.G. emplacement actually made in a reserve 
line of breastwork near Festubert during 1915; Plates II and III 
are examples of work inside a standing house. A fault in the design 
on Plate II is the use of R.S. joists as reinforcement (see Section 2). 
Plate IV is a later example of a reinforced concrete shelter in ground 
where the water-level prevented the construction of tunnelled 
dug-outs. 

In positions such as the “ Village Line ’’ behind Givenchy and 
Festubert, where transport could come by night to the actual sites 
of work, and buildings gave ample cover to dumps of material 
and to working parties, large quantities of concrete were used for 
reinforcing cellar roofs, making O.P.s, M.G. shelters, etc. Much of 
this work was done in 1915, but it was not until 1918 that it was 
put to practical test, when it played an important part in 
enabling the vital hinge at Givenchy to be held. 


2. IMPETUS GIVEN BY CAPTURE OF GERMAN WORKS. 


The discovery of many concrete defences in the German lines 
captured during 1917 revived general interest in this type of work, 
and caused a good deal of time, labour and material to be expended 
which it is possible might have been more profitably used in other 
ways. Excepting experts, who had been engaged in concrete works 
in peace time, most officers had only a hazy notion of the properties 
of concrete or of its application to defence works ; especially was 
there ignorance of the principles of reinforcement ; and a number of 
works, faulty in design and unsuitable to their purpose, sprang up 
along the front. A very common fault was the use of too large a 
proportion of reinforcement. Girders or rails, indiscriminately 
buried in concrete, only served to break it up into layers, and, 
when struck by a shell, caused the whole mass to crack and dis- 
integrate. 

Towards the end of 1917 the Engineer-in-Chief issued a Fieldworks 
Note in which all these points were drawn attention to, and the 
main principles of reinforced concrete design were fully enunciated ; 
particular attention was drawn to the need for rapidity of con- 
struction, requirements for which were stated to be :— 
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(a) Preparation of reinforcement to be carried out at the work- 
shops, so as to have the minimum of work on it in the 
field (1.e., cutting to lengths and bending). 

(6) Tramway facilities for delivering the materials. 

(c) Continuity of supervision, both by officers and foremen. 

(2) Unskilled labour to be changed as seldom as possible. 


The advantages of reinforced over plain concrete, mainly the great 
saving in weight of material used, were explained, and rules for 
the correct use of reinforcement were given in full. These need not 
be repeated, as they differ in no way from those in regular use in 
civil practice. It is interesting to observe that the results of the 
large number of experiments carried out at various times during 
the War to determine the effect of shell-fire on concrete structures 
only served to emphasize the correctness of the existing rules and 
formule ; the main difficulty in making accurate calculations lay 
in the indeterminate quantity of the pressure due to shock of 
projectiles, and the necessity for allowing an ample factor of safety 
involved a certain amount of unavoidable extravagance. At one 
time the practice of introducing an air-space in shell-proof cover 
was very popular, but the fallacy of this practice was explained in 
the note under consideration :— 


‘ Air-space is undoubtedly effective in reducing concussion, but 
as the outer roof must be strong enough and thick enough to 
burst the shell and absorb the shock, the construction of such 
Spaces as part of the concrete structures means considerable work. 
If it is desired to reduce the concussion, it is simpler to build an 
inner chamber one brick thick, with a wooden floor inside the 
reinforced concrete structure. The air-space should not be 
enclosed, but the air should have access to the outside atmosphere. 
If the air-space is made above the main structure with a small 
amount of cover, less than 5-9 in. proof, over, the upper roof will 
be rapidly destroyed by bombardment and is difficult to repair. 
It is, therefore, preferable to make a solid roof in the first place. 
(Neither the French nor the German Army employs air-space.) ” 


3. MISCELLANEOUS EXAMPLES OF WORK. 


(a) Example of rapid construction of a ferro-concrete shelter. 

(0) Report on test of reinforced concrete machine-gun emplace- 
ment at Kemmel. 

(c) Destruction of a concrete O.P. by guncotton. 


(a) This shelter was made, as a type, within 30 yds. of the front 
trenches, to provide cover for a Lewis-gun detachment. The site 
was sheltered to some extent by the lips of a cratered area, but 
was nevertheless in a decidedly ‘‘ unhealthy ’”’ neighbourhood. 
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Description.—The floor space was 6 ft.x6ft., with an entrance 
2 ft. wide leading into a passage 2 ft. 6in. wide with two sets of 
steps up out of it. The entrance was covered by a ferro-concrete 
parados, 3 ft. thick, which ran the whole width of the shelter. 

The thickness of the front and side walls was 3 ft., back wall 2 ft. ; 
these walls and the parados were reinforced near the surface with 
expanded metal. The side walls were 3 ft. 6 in. high and supported 
two segments of an elephant shelter, which gave a maximum inside 
height of 5 ft. 

The roof above the crown of the elephant shelter was 4 ft. thick, 
reinforced with four layers of expanded metal. The floor was one 
foot thick and reinforced. There was a 6-in. diameter hole for a 
periscope. 

The amount of solid concrete was 1,620 cub. ft. and the interior 
space 360, a ratio of 44 to I. 

Time and Labour.—The complete work occupied 14 days, during 
the whole of which time an average of 6 tunnellers and 14 infantry 
were employed continuously in advance of the siding where material 
was delivered. Day work was rendered possible by the use of suitable 
screening. 

The excavation (bottom of floor concrete 10} ft. below ground 
surface) took 5 days to complete, 4 tunnellers and 5 infantry (carry- 
ing party) being engaged continuously. 

Seven men were at work continuously for 9 days at the actual 
concrete mixing and filling. There were two sets of two men each 
mixing, two men filling-in and ramming, and one man carrying 
water. 

Carrying the material took 134 days, 12 infantry being employed 
continuously. 

All these time and labour figures are given as a matter of interest ; 
but they must naturally vary very greatly according to local 
conditions. 

(6) The emplacement (built in August, 1915) was 6 ft. 6 in. square, 
6 ft. 3 in. high in front, and 5 ft. 6in. high at back. Thickness of 
roof, 2 ft. at front, and 1 ft. 6in. at back, supported on walls g in. 
thick. The reinforcement of the roof consisted of a 6 -in. mesh of 
3-in. diam. bars at bottom, and 6-in. mesh of ;%,-in. bars at top. 
From every alternate bar of the upper layer of bars in the bottom 
mesh stirrups of 2 in. x4 in. hoop iron were carried to the top mesh 
of the bars. The proportions of concrete were probably 1:24: 5. 
The charge, 10 lbs. of guncotton, was placed centrally on the roof, 
and tamped with earth. 

Results of Exploston.—A crater about 15 in. diam. and of maximum 
depth g in. was made in the outer surface of the roof. The upper 
mesh of bars was found to be below this level, and did not therefore 
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contribute materially to resist the impact of the explosion. The 
under surface of the roof had suffered considerably, the concrete 
below the bottom mesh having flaked away over an area of 4 ft. x 4 ft. 
The lower layer of bars had deflected 7 in., and the alternate bars 
of the upper layer (not stirruped) had deflected 3in. The bars of 
the upper layer, which were stirruped, had not visibly deflected. 
No bars were broken. Immmediately below the point of the explosion 
6 in. of concrete had fallen over a width of 12 in. and a length of 
about 3ft. The stirrups on every alternate bar had no doubt 
confined the width to 12in. The pieces of concrete which fell into 
the emplacement did not exceed 6in. The walls did not appear 
to have suffered much, only one horizontal crack over the loophole, 
extending the whole width, and a slight vertical crack being visible. 

The sketch (Plate V) shows clearly the effect of the explosion. 

Concluston.—From the results obtained there is no doubt that 
the vertical members in the roof localized the effect of the impact, 
and at the same time prevented deflection of the bars to which 
they were clipped. 

If the stirrups in this particular case had been hooked around 
the lower layer of bars in the bottom mesh, and on every bar of that 
layer, practically no deflection would have occurred, and the only 
damage to the roof would have been the flaking off of the concrete 
below the bottom mesh. This flaking cannot entirely be eliminated, 
but the thickness of the concrete below the bottom mesh should be 
reduced to a minimum, say, } in. to I in., and the pieces falling into 
the dug-out would, therefore, be small and would not damage the 
occupants. 


(c) This O.P., which had an excellent view of our lines, was 
captured ; in view of its possible recapture and use by the enemy, 
who was only 80 yds. off, it was decided to destroy it. 

The plan and sections (on Plate VI) give its dimensions. Details 
of the reinforcement are not known, but it was heavily armoured 
with 1-in. rods and had steel girders in the roof 4 in. from the under 
surface. 

The structure had been shaken by bombardment, but, as far as | 
could be seen, it was not seriously damaged. Such cracks as 
existed outside appeared to be only surface ones. None were 
visible inside. The concrete had, however, fallen away from the 
under surface of the roof of the tower, revealing the steel joists. 

In carrying out the demolition, it was desired, if possible, to 
preserve the lower chamber. The charge, consisting of 300 lbs. of 
guncotton, was therefore placed against the wall away from this 
chamber, and the entrance from the tower to the chamber was 
closed by means of sandbags. The entrance from outside to the 
tower was also sandbagged. 

L 
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Two primers and detonators were inserted in the charge and the 
safety fuse was passed out through the observation hole marked on 
the plan. 

The effect of the explosion was to demolish the tower completely 
and to damage the chamber considerably. The crater formed was 
36 ft. across and 12 ft. in depth. On the British side, the débris 
fell only a short distance from the site; the greatest distance at 
which any piece }cub. ft. in size was found was 20 yds. The 
majority of the débris was, however, thrown towards the enemy, 
and it is not possible to ascertain to what distance it went in that 
direction. 

No damage whatever occurred to the trenches in the vicinity of 
the structure. | 

In view of the complete nature of the destruction it seems probable 
that a somewhat smaller charge would have secured the result 
desired. 


4. CONCRETE BLOCK SHELTERS. 


The difficulties of 1 sit concrete construction naturally led to 
the consideration of the use of concrete blocks, which could be 
manufactured well behind the line and sent up after they were 
properly matured. Various patterns were evolved and tried by 
different units during 1917, and early in 1918 a pattern designed in 
the 230th Army Troops Company was adopted by the Engineer-in- 
Chief, together with a plan for a standard concrete block pill-box. 
Plates VII to IX show the general arrangement and details of 
construction. In this design the floor and roof of the pill-box were 
formed with concrete blocks or beams, obviating the use of timber 
shuttering, im situ concrete, or steel joists and rails. These beams 
were properly reinforced with iron bars and stirrups, and were of 
such dimensions that they bonded in with the wall blocks, enabling 
the vertical reinforcing bars (A) in the walls to project either down 
or up between them. A number of holes (B) were also provided 
horizontally through the beams to allow reinforcing bars to be 
placed through and connect them together. The bottom course of 
these beams in the floor (also the top course in the roof) were 
“‘ staggered ”’ over the whole width of the pill-box, so that, when the 
horizontal bars were inserted and the small space between the 
beams grouted up with cement, the whole formed a raft foundation. 
The wall blocks, later known as the “‘ Aire ”’ pattern blocks, measured 
I ft. 6in.x9Qin. on plan; a hole (C) was formed vertically through 
the centre of each half of the block, and the top and the bottom 
faces were So moulded that a fillet of concrete (D) was formed round 
three edges and down the centre, leaving recesses as shown on the 
drawings. 
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Each block was reinforced by two sheets of expanded metal held 
apart by wire stirrups. When this design was prepared it was 
estimated that the time required for erection of a pill-box in the 
forward area would be roughly one week, as against the usual two 
or three weeks needed for 7” situ concrete plus the time required to 
dry out and mature. In practice, it was found that the block 
pill-box took only four or five days to erect, and since all the blocks 
were well matured before they were delivered to the site, good cover 
was Immediately obtained. The usual method of erection was first 
to build the walls dry, and then, after pointing the joints on the 
inside and outside faces, to pour cement and sand grout down the 
vertical holes provided. With this design of block and beam it was 
found that there was a good circulation of the liquid grout throughout 
the floor, walls, and roof, which resulted in a comparatively mono- 
lithic construction. 

The following is a short summary of the details of construction 
of one pill-box, which was completed in 30 hours :— 

Two N.C.O.s and 40 men loaded the following material at the 

Concrete Works in 5 hours :— 


2,695 concrete blocks, each weighing 50 lbs. 
70 rs 3 rr », 25 |bs. 
318 ,, beams ‘ », 300 lbs. 
935 reinforcement rods 
30 barrels cement 
80 bags of sand 
Total weight=130 tons. 


Dispatched by train during the night, and unloaded on to narrow- 
gauge train early next morning. Owing to shortage of rolling stock 
four days were expended in trans-shipping and forwarding material 
to the forward site, a loading party of 60 being employed each day. 
The work of construction was commenced at 6.30 a.m. on the sixth 
day and completed at 12.30 p.m. on the seventh day ; parties varying 
from 20 to 27 working in continuous shifts. Actual time of con- 
struction thus amounted to exactly 30 hours. 

The disproportion of time of transportation to time of construction 
is very noticeable. 


5. EFFECT OF ENEMY FIRE ON BLOCK PILL-BOXEs. 


A number of hits was obtained by the enemy on pill-boxes 
erected in the forward areas. Although complete details were not 
always available, the following reports give some idea of the resistance 
to shell-fire :— 


(2) East of Forest of Nieppe ; pill-box only just completed received 
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a direct hit on the centre of the roof; shell believed to have been 
from 5:9 in. howitzer ; damage done is shown in the sketch below. 


5 Ce Ourses 
of Beams 


7op reinforcing bars in beams 
ee eee a Bottom ” ’” “ 


The three beams in the bottom row of' the roof formed a bulge 
in the ceiling, but none of the reinforcing rods of the beams were 
actually broken. At C and D the end beam had sprung out half 
an inch, at F the last four beams were sprung out 6in. It does 
not appear likely that, apart from concussion, any injury could 
have been caused to the occupants. 

(b) M.G. emplacement, 2 ft. 3 in. walls and roof, completed 48 
hours before being hit ; type of shell undoubtedly 77-mm. ; damage 
very slight; crater gin. deep and 1I2in. wide; last top beam 
displaced at one end 4} in.; machine-gun team in the emplacement 
were not even aware that it had been struck ; no cracks or other 
evidence of strain were noticed. 

(c) Large pill-box, 3 ft. walls, in use as brigade headquarters, 
completed about 5 weeks before ; type of shell reported as 5-9 in., 
but probably not more than 4:2in.; damage very slight. The 
shell struck the edge of the roof, making a crater about 12 in. deep 
x2 ft. 6in.x2 ft. 6in., uncovering the second layer of beams; no 
cracks or other evidence of strain noticeable. 


TS 
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(d) Machine-gun emplacement, 2 ft. 3 in. walls and roof, erected 
4 days before being hit ; type of shell probably 4-2 in.; damage: 
the shell struck the corner of the loophole, the weakest part of the 
structure, and practically knocked out the blocks level with the 
loophole as far as the left-hand wall, i.e., 15 in. high by 2 ft. long ; 
a small crater was made in the front wall to about 18 in. below the 
loophole, the damage being only superficial, the beams below the 
loophole were practically untouched; the table for the pivot 
mounting was knocked back at the top 9 in., but the mounting was 
hardly touched, although the fore part of the gun was badly damaged. 
Five men were in the emplacement at the time, one of whom, sitting 
on a table with his head level with the loophole, was badly wounded : 
the other four were untouched, and another gun was mounted 
immediately ; no other signs of strain were observed, and the 
damage was very quickly repaired. 


6. ‘‘ ARQUES ”” PATTERN BLOCK. 


An alternative pattern of block was produced at the Arques 
factory. In this pattern the expanded metal reinforcement was 
omitted in the wall blocks, the top and bottom face of which were 
grooved to allow horizontal reinforcing bars to be placed between 
each course of blocks. This is illustrated on Plate X. 

Extensive experiments were carried out at Shoeburyness to decide 
the actual and relative resistance offered by the Aire and Arques 
pattern pill-boxes against shells of various calibre. The sand and 
ageregate available at Arques were generally of better quality than 
that at Aire, but the omission of block reinforcement resulted in a 
considerable number of blocks being broken in transit to forward 
posts. Several series of experiments gave very similar results for 
both types of pill-box. 

In the expectation of having to construct large numbers of concrete 
defences during the winter 1918-19 discussion went on through the 
spring and summer of 1918, and the following extracts from a letter 
written by the Chief Engineer First Army at the end of June, give the 
general conclusions that were arrived at :— 

te & s + * = * 8 . a 

2. It is first necessary to consider the problem which it was 

required to solve when these pill-boxes were designed :— 

(a) To give cover against splinters, and, if possible, direct 
hits up to 5-gin., for machine-guns, R.A. personnel 
and Battalion and other Headquarters in ground where 
deep dug-outs are not possible. 

(o) . . . To devise a block light and strong enough to carry, 
and which will harden quickly, combined with a simple 
form of reinforcement and bonding so that the whole 
can be easily and quickly put up in difficult positions. 
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3. The Expertments—The concrete of the Aire pill-box was 
not of as good quality as the Arques, owing to the aggregate being 
of soft Marquise stone instead of hard gravel; inferior sand also 
was used for grouting. Experiments showed that 4:5-in. Howitzers 
have little effect on these pill-boxes ; as regards 6-in. Howitzers, 
the trial was a very severe one ; the 6-in. shell is more powerful 
than a German 5-9-in. and was fired at about 40 yds. distance, 
calculated to be at 3,000 yds. range. Pill-boxes would probably 
be at an average distance of 1,500 yds. from the German front 
line, and the minimum range might have been 6,000 yds. The 
hits on the sides damaged the corner of the Aire pill-box badly, 
owing to the absence of lateral reinforcement, but had no effect 
inside. The same hit on the Arques pill-box had much less effect, 
but flaked off large pieces inside owing to the block having no 
internal reinforcement. The hits directed at the ends, at the junction 
of the wall and the ground, were severe tests, and in the case of 
the Arques pill-box blew a hole clean through; the Aire pill-box, 
being hit by a blind, had only a more or less clean hole made. 
In neither cases were the structures vitally damaged, and they 
were practically as good as ever as regards shelter. : 

Generally speaking, though the pill-boxes cannot be regarded 
as proof against 5-g-in., they practically fulfil conditions sought 
after, which are detailed above, and though a lucky hit might 
knock out the crew, the practical and moral cover given 1s sufficient. 

4. The experiments proved that the transverse and extra 
reinforcement of the Arques system is of great value, but whether 
worth the extra complication, except in special cases, is a matter 
of opinion. About 10 per cent. of the Arques blocks broke in 
transit, and also flaked off dangerously inside on being hit. These 
difficulties were absent in the Aire blocks. 

bg = ® * * * ae % * a 

8. I consider the present types meet our requirements with 
the following modifications :— 

(a) The block should be a combination of the two types, 7.e., 
the shape should be of the Arques pattern to enable 
lateral reinforcement to be used tf necessary, but the 
blocks should have internal reinforcement of expanded 
metal or wire webbing as at present in the Aire block, 
for safety in transit and to prevent flaking. 

(5) When the structure is proposed to be 4°5 in.-proof, the walls 
and roof may be 2ft. 3in. thick without lateral 
reinforcement. 

(c) When it is considered that general protection against 
59 in. is required, and it is proposed to chance a lucky 
hit, walls and roof may be 3 ft. gin. thick without 
lateral reinforcement. 
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(d) Where absolute safety is required against 5-9 in., lateral 
reinforcement should be given, and the roof may probably 
remain at a thickness of 3 ft. gin., but the walls should 
be increased to 5 ft., further experiments being required 
to prove this. 


g. A few hits have been obtained by the enemy on the pill-boxes 
already erected, and have had no practical effect, and the shelter 
has been received with great favour by the Divisions in the line.” 


The Chief Engineer’s recommendation in his para. 8 (a) as to the 
shape of block was finally adopted, but the change in the tactical 
situation after the summer stopped all concrete work, and so the 
final type was never put to practical test. 


7. CONCRETE FACTORIES. 


Reference has been made to the output of both Aire and Arques. 
A special concrete factory was established at the former place 
by the Chief Engineer, First Army, about the end of 1917. With 
the adoption of a standard pill-box design this factory was enlarged, 
and was entirely given over to the manufacture of blocks and beams. 
The factory at Arques was originated by the Chief Engineer of the 
Second Army (during the winter of 1916-7) for the manufacture 
of concrete bursters, flooring slabs, drain-pipes, etc. This was 
taken over by the Director of Works (later Director of Engineering 
Stores) in 1918, and in addition to other work turned out a large 
number of standard pill-boxes. The organization and lay-out of 
both factories were on very simular lines. 

Atre Concrete Factory.—The general lay-out of the Aire factory 
is given on Plate XI. A bank, 12 ft. high, was tipped along one 
side of the site behind the twenty ‘“‘ making ”’ sheds, to enable the 
ballast, sand and cement broad-gauge trucks to be delivered at the 
high level. These off-loaded into storage bunkers built on the 
bank behind each ‘‘ making ”’ shed. Open bunkers were provided 
for the ballast and sand, and damp-proof closed bunkers for the 
cement, which was stored in bulk. The gauge-boxes were carried 
on 2-ft. track on a timber gantry built on the edge of the bank 
immediately below the outlet of the storage bunkers, and on a level 
with the feed hoppers of the six concrete mixers. Both petrol and 
steam mixers were used, carried on bogies on a broad-gauge track 
running the full length of the twenty “‘ making”’ sheds, so that a 
mixer could be easily brought into position opposite any shed in 
which the moulds were prepared ready for concreting. The blocks 
and beams were cast in moulds directly on the concrete floor of the 
‘“‘ making ’”’ sheds. Wall blocks were made in boxes of 16 to 19, 
each box immediately adjoining the next, so that the concrete could 
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be filled into a number of boxes at the same time. The concrete 
floor of the ‘‘ making ”’ sheds formed the bottom of the wall blocks 
mould. It was scraped and treated with composition each time 
before use. The timber moulds were removed on the day following 
concreting, the blocks being left on the floor 3 to 4 days before 
going to the stacking ground. Beam moulds were assembled in 
boxes of 18, each mould having a floor board which prevented 
warping and assisted in striking. Moulds were removed on the 
day after concreting, and the beams were left on the floor boards 
in the “‘ making ”’ sheds for 5 to 6 days before removal to the stacking 
ground. When work was at its height the Aire factory was manu- 
facturing and exporting over 7,000 wall blocks and between 600 
and 700 roof beams per day, representing a daily output of 250 tons 
of reinforced concrete. All reinforcement required was cut and 
prepared at the factory. Practically all timber moulds were also 
made there. Task-work was adopted throughout, and proved 
highly satisfactory. The following average daily tasks were main- 
tained :— 


Jobs. Per man iS a day. 
Set up moulds, reinforcement, cast in concrete and 
strike moulds of ... ve sie ai st 8. concrete 
blocks 
Excavating earth of fairly loose nature a a6 6 cub. yds. 
Cutting up expanded metal reinforcement into small 
sheets I ft. 4 in. X7 In. ... 250 Sheets 
Wiring small sheets together with three stirrups ... 150 blocks 
Cutting rods for reinforcement sat sia ... 250 rods 
Wiring up beam reinforcement ei. Awa ... 18 beams 
Cutting 1}-in. pipes into lengths bag 35 pipes 
Off-loading casks of cement, ae open casks 
and binning ... si ios ... Iz casks 
Off-loading gravel from trucks a aes ... Io tons 
Crushing and loading stone into trucks arts cae 6 tons 
Loading up concrete blocks carefully vis sie 5 tons 


Engoudsent Factory —With the German advance in March/April, 
1918, both Aire and Arques were left dangerously near the front, 
and preparations were made to establish two new factories near 
the coast; an alternative site for the Arques factory was found 
by the D.E.S. at Marquise, and another factory, designed gradually 
to replace Aire, was built under the direction of the O.C. Aire Factory 
at Engoudsent (near Etaples). The lay-out of the Engoudsent 
factory embodied the results of much previous experience, and, 
although the factory never came into actual use, a description of it 
is worth putting on record. The general lay-out is shown on Plates 
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XII and XIII. It was designed for an output of 500 tons per day, 
which would have involved the handling of roughly 3,000 tons of 
material per day ; so it was important to take as much advantage 
as possible of gravity, and the site was selected with this object in 
view. The difference in level between the top supply siding and 
the low level dispatch sidings was 50ft. Side-tip wagons were 
used for the supply of ballast to the crushers and to the storage 
bunkers, which had a storage capacity of 1,500 tons. The cement 
bins were filled through hatchways in the roof, the barrel being 
opened on a grating through which the cement was allowed to filter, 
and the empty barrels were returned to the Base in the same truck 
in which they arrived. MHalf-yard side-tipping skips running on 
a 2-ft. track were used for gauge-boxes. They were carried on a 
timber gantry as in the Aire factory. The concrete mixers also ran 
on a broad gauge track, so that each ‘‘ making” shed could be 
supplied in turn. The mixed concrete was conveyed to the moulds 
in the ‘‘ making ”’ sheds by means of ‘‘ Morris ” overhead runways, 
which extended over the stacking ground to the dispatch sidings, 
and enabled the manufactured blocks and beams to be handled in 
the same way with the minimum amount of labour. 

Steam-Curing Plant.—From a number of tests carried out at 
the Aire factory it was found that blocks 12 hours old could be 
hardened or “‘ cured ”’ so as to be equal in strength to blocks 3 to 4 
weeks old, by means of injecting steam into the green concrete 
blocks through the two holes provided in them for the reinforcing 
bars. Steam was forced through the blocks for a period of 4 to 6 
hours at a pressure of 5—Io lbs. per square inch, and apparently had 
no detrimental effect in other respects on the concrete. These 
results seemed sufficiently satisfactory to warrant the adoption of 
steam-curing plant at the Engoudsent factory, by means of which 
blocks and beams made during one day could be steam-cured the 
same night and removed to the stacking grounds the next morning, 
thus freeing the floors for new work, and at least doubling the 
capacity of the factory. Plate XIV shows the lay-out of steam- 
pipes to enable each mould to be supplied with steam from the 
main boilers, which, during the day-time, were to be used for running 
the central generating plant for all machinery on the works. 
Plate XV shows the cast-iron steam chests used in conjunction with 
the timber moulds to convey steam through the 2-in. holes in the 
blocks and beams. Immediately the concrete had obtained an 
initial set the pipes were withdrawn from the moulds and all outlets 
“from the steam chests closed, the steam was then turned on and 
the concrete became saturated with a moist heat which had the 
‘curing ”’ effect described above. 

School of Concrete.—Early in 1918 courses were started at the 
Aire factory, to which Divisions and Corps sent both officers and 
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men for a seven days’ course of training. The normal processes of 
the factory were studied and explained, and special instruction 
was given in the work of erection of the various types of pill-boxes 
supplied. Such a school on an enlarged basis was intended to form 
a feature of the new Engoudsent factory. 


8. SPECIAL CONCRETE UNITS. 


' The great advantage of employing special units on a few standard- 
ized designs was obvious, and various proposals were put forward 
by the Engineer-in-Chief during 1917 with this object. 

The situation after the German offensive in 1918 brought into 
still greater prominence the need for specialization and standardiza- 
tion if concrete work was to be successfully carried out on a large 
scale ; and about the end of Apri] two Port Construction Companies 
were lent by the Director-General of Transportation to the Engineer- 
in-Chief for concrete work in rear zone defences. Meanwhile experi- 
ments in England had resulted in the standardization of the ‘“‘ Moir ” 
pill-box (see Section 9g), and the construction of large quantities 
of concrete blocks was commenced at Richborough under the 
Director of Inland Waterways and Docks, who also offered to 
send a number of men to France for the purpose of erecting the 
pill-boxes. The Engineer-in-Chief insisted on the desirability of 
having such men formed into proper units, and after further dis- 
cussion it was decided to form and send out at once five ‘‘ Trans- 
portation Works Companies, R.E.’’ These were to be retained as 
Transportation troops, but to be at the disposal of the E.-in-C. for 
the erection of pill-boxes or other reinforced concrete work. At 
the same time, approval was given for the appointment of a Royal 
Engineer officer as “ Inspector of Concrete Defences,’ graded as 
a C.R.E., and attached to the Staff of the Engineer-in-Chief at G.H.Q. 

Duties of the I.C.D.—The duties of this officer were laid down 
as follows :— 

(a) To inspect the work of Transportation Works Companies 
with Armies as regards technical matters in erection, 
transport to site, rate of progress, and methods of execution. 

(b) To report on details of design and improvements proposed 
in Armies, and to discuss with D.I.W. and D. department 
as regards manufacturing details. 

(c) To keep records of experiments made at Shoebury, and all 
effects of shell-fire in France. 

(d) Liatson with concrete factories in France as regards concrete, 
shelter block manufacture, needs of armies, and experience 
of various types made, design, and reinforcement details. 

(c) Similar duties in respect of the ‘“‘ Hobbs ”’ and other forms of 
pill-box approved by the General Staff for trial and manu- 
facture. 
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This appointment was approved about the middle of July, 1918, 
and, immediately after, the first T.W. Company arrived in France, 
and was allotted to the Second Army. The remaining four com- 
panies followed at intervals of about a fortnight each, and were 
posted to the Fifth, Third, First and Fourth Armies in succession. 
Each company consisted of a headquarters and three sections, 
every section being self-contained. The total strength of a company 
was 5 officers and 257 other ranks, and its transport was all 
mechanical. The provisional establishment is given in Appendix I. 

Work of T.W. Companies—The constantly changing tactical 
situation interfered with the normal course of concrete work, and 
these companies were actually employed on a variety of engineer 
duties up to the date of the Armistice, after which they all returned 
to the D.G.T. The following is a very short summary of the work 
* done by each Company :— 

220th Company (Second Arnvy).—Pill- boxes (mostly Moir) and 
O.P.s, Kemmel district, till early September—general repair work 
in recovered R.E. parks and workshops, also Army water supply 
—clearing roads through Bailleul—in October, forward roads, 
Vierstraat—-Wytschaete, through Ploegsteert Wood ; bridges over 
River Lys, piles and pontoon. 

22Ist Company (Fifth Army).—Started work on erection of 20 
** Moir ’’ pill-boxes, and other concrete defence work till middle 
September, then one section repairing shelled villages, and one 
section on forward roads—from middle of October to Armistice, 
whole Company on repairs to billets and villages, also charge of 
dumps, issue of heavy bridge material, etc. 

222nd Company (Third Army).—Commenced work end of August, 
when concrete defence schemes had been abandoned ; repairing 
roads and villages and constructing concrete huts in devastated 
area south of Arras ; erecting Nissen huts for Army Headquarters ; 
end of October, dams and temporary bricges on Escaut Canal. 

223rd Company (First Army).—Concrcte defences and concrete 
factories till beginning of October; miscellaneous hutting jobs 
under C.R.E. Army Troops ; end of October, two sections assisting 
in heavy bridging. 

224th Company (Fourth Army).—Middle September, no concrete 
work in progress. At first employed on reads and hutting in connec- 
tion with operations ; from early October, in charge of Army Heavy 
Bridging Depot, also miscellaneous duties in connection with heavy 
bridges, repair of existing road bridges, erccting pile drivers, etc. 


9. Morr PiLLt-BoxeEs. (See Plate XVI.) 


The Moir pill-box, to which reference has already been made, 
was designed at the Ministry of Munitions by Sir E. W. Moir. It 
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consisted of a circular concrete block wall supporting a dome from 
which was suspended a revolving steel bullet-proof ring. 

The gun was carried by a special mounting attached to the ring. 
By the addition of concrete on the dome, and round.the block wall, 
the emplacement could be made proof against field-gun fire, and by 
itself was proof against rifle or machine-gun fire. It could not be 
made in any way proof against 6-in. shells, but was not, if suitably 
protected, affected by shell of that calibre bursting 3 ft. or more 
from it. 

The pill-box was eminently suitable for use in the area not normally 
liable to shell-fire. In shelled areas its use was limited to localities 
not under direct observation by the enemy. The value of the 
emplacement lay largely in the fact that it could be easily concealed 
from air observation and photography; thus great stress was laid 
on the importance of camouflaging the site before erection began, 
and of maintaining the camouflage later. 

The approximate weights of the principal parts were as follows:— 


Weight Total 
ofteach. Weight. 


lbs. 


Blocks, concrete, top or 
bottom 


Blocks, concrete, inter- 
mediate 


Blocks, concrete, closers 


Sections of base ring or wall 
plate 


R.S.J. Stools 

Sections of dome roof 
Sections of bullet-proof ring 
Suspension Gear 


Bolts and Sundries ... 


Total si sue sie ae ..  I1,012 
(4 tons 18 cwt.) 
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Three lorries were required to transport a complete pill-box, and 
the erection party consisted of 1 N.C.O. with knowledge of setting 
out, levelling, etc., 1 fitter, 1 fitter’s mate, I mason, 6 labourers. 

The average time required for erection after the materials were 
on the site was 3 days of 7 working hours each, but when parties 
became skilled at the work this time could be very considerably 
reduced. 

Extensive experiments were carried out as to the best means of 
protecting the pill-box against shell-fire, and it was finally decided 
that the best form of protection against a 6-in. shell bursting close 
at hand was provided by a belt of small rubble about 3 ft. wide. 
As an additional source of strength the concrete blocks were provided 
with holes through which steel reinforcing rods could be placed, 
and, by connecting these to the floor reinforcement, a more or less 
monolithic concrete box was formed. Exception was taken to the 
weight of the blocks, which were 200 lbs. each, and a lighter block 
would have been made had not manufacture been brought to an end 
by the Armistice. 

A special block factory was established at Richborough and 
a large number of pill-boxes was sent to France and erected during 
the summer of 1918. 


10. GAS FuMES IN PILL-BoOxEs. 


Considerable trouble was caused at one time, when firing machine- 
guns from pill-boxes or emplacements, owing to the fumes produced 
by the combustion of the propellant in small-arms ammunition. 
Several cases occurred of gun detachments being put out of action 
in this way whilst actively engaged in fighting. On investigation 
it was found that there were three ways of avoiding the dangerous 
concentration of CO :— 


(a) To discard the muzzle attachment. 


The objection to this course was that it reduced the rate of fire. 
and rendered the gun more liable to stoppages. 


(5) To push the gun well out of the pill-box. 


The objection to this was that it would have necessitated a new 
gun mounting, and also interfered with rapid all-round firing. 


(c) To fit a cup to the muzzle attachment which would project 
the gases forward. 


Experiments showed that a cup of very small parabolic form 
would accomplish this, and could easily be fitted, and the supply 
of these cups was at once taken up on the scale of 1 per Vicker’s 
gun, plus 1 per pill-box or concrete emplacement. Shipment of 
these began early in August, but the change in the tactical situation 
prevented their coming into practical use. 
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II. GERMAN CONCRETE DEFENCES. 


A very large number of German concrete dug-outs, emplacements, 
O.P.s, etc., were found in the lines captured during 1916-7. Special 
concrete companies had been employed on these works, and con- 
siderable space was devoted to the details of this form of defence 
in the German Manual of the Construction of Field Positions 
(Stellungsbau) issued in June and December, 1916. The same 
faults were noticeable’ in the earlier work as have already been 
described on the British side, but very great improvement was 
apparent as time went on. One of the features of the massive works 
in the Hindenburg and other lines was the network of light railways 
which led direct to the site of every important concrete structure. 
An examination of the damage caused by hits from our heavy 
artillery emphasized the immense superiority of scientifically rein- 
forced concrete over block or mass concrete structures. Reports 
on captured works east of Ypres stated :— 


(a) ‘‘ Most of the dug-outs have been hit, and except for some 
in front line, where the concrete appears to have been 
poor or the thickness insufficient, they have not suffered. 
One farm has been incessantly bombarded by ourselves 
and by the enemy for over a month, and is none the worse. 

(b) ‘‘ Numerous structures showed no sign of being damaged. 

(c) ‘‘ The effect of shell-fire on these structures has been practically 
nil, though the surrounding ground is a mass of inter- 
locking shell-holes.”’ 


Some structures were actually removed bodily without being 
broken up; in one case ‘a large shell landed on the ground close 
to one wall and the shelter settled down in the shell-hole ’’; in 
another the shelter ‘‘ was knocked slightly out of plumb without 
in any way cracking it.” It was also noticed that ‘ concrete 
structures originally inside buildings have suffered far less damage 
than the others ; the great value of an air space and burster is very 
well exemplified by this; they also render concussion inside much 
less.”’ 

As regards the penetration of shells into concrete reinforced 
with rods, reports say :— | 


_(a) “‘In no case has concrete been affected deeper than gin. 
Only two rows of reinforcement are therefore exposed to 
view, but it is probable that more exist. 

(0) ‘‘ There are numerous cases of hits which have been arrested 
at a layer of reinforcing bars. Sometimes the bars them- 
selves are only broken by direct contact with the shell 
or pieces of shell, whereas the concrete is cracked by shock 
alone.”’ 
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As previously noticed at Messines, rails and joists in the mass 
of the concrete had an undoubted disintegrating effect. In many 
cases, especially with reinforcement of rails or heavy bars, shearing 
and cracking took place along the plane of the reinforcement when 
the structure was hit. The block system of construction was 
condemned at Messines and again east of Ypres :— 


(a) ‘‘ All dug-outs built of concrete blocks that were hit were 
done in. 

(b) ‘“‘ The wall of ashelter buiJt of concrete blocks 2 ft. x1 ft.x7 in., 
pointed with mortar, but without dowelling or reinforcing, 
has been blown in. Practically all joints have started, 
and the weakness of the structure is evident.” 


Plates XVII, XVIII, XIX show typical examples of German 
work, 
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Table IV. 


FORM C 5. 
SCCOSSOHCCHFSCSHTORSSCHOFCHOF CEO ROHORGHOTESH HE HEE 8EE CAMOUFLAGE FACTORY. 
MONTHLY INDENT FOR R.E. STORES REQUIRED FOR WEEKLY STOCK SHEET 
FOR 
eat eieatanuasbiasevtseneseseaceieateasiae cusses 191 | SATURDAY, ...0000.-IQI 
oe These columns are only re- 
Nots.—Cross out the heading which is not applicable. quired to be completed. 
for weekly stock sheets 
Item, Unit. | Quantity required orl Receipts) Issues. |Stack, in 
a 
| 
Canvas, Hessian 72 ins. ... .. yds. run ! 
- im 72 ins. ete a | : 
Gauze Wire Tinned i ... | ft. run | 
Sapon vas oo ar . | Tons 
Boiler Suits ooo eee eee No. ' 
Fish Nets eee eee eee ose ie | 
Knives, Special Cross Cutting Gross 7 | 
| 
| 
PAINT BRUSHES. | | 
Long Handled, Large vee | 7 ) 
re - Medium wis ss | 
‘ Small sis | 
| 


OnE KNoT Copper W1RE BOounp. 


| ! 

| | 

| | 

| | 

No. 8... ake oe es Doz. 

» 4 eee ene ees o» | 

» 2 * ry) ! 

| | 

SasH Toots, Lrry. | 

0.16 ... »» | | 

» I2t.. Pe | | 

a. 9 28 iy) 

iy) 8 . iy) | | 

rT) 6 eco ° ”? | | | 

ry) 4 eee 99 4 | 
; 

FitcHES, Hoc Hair | | 

No. 12 ... eee eee eee ” | 

oe. SET acs oy ~ Bas | | 

vo 10 oon coe soe eve ‘ig | 

‘ Fd eee eee eee ‘3 | 

PY i cee eee ose eee ” | | 

One : | ! 

a 5 st ae { 

os 4 se-6 ° | a» 

Manganese Sulphate ~ ... | Tons. 

Wire Netting des oe | Rolls. 

Coir Lewing ‘ies we | a 

Corrugated Iron . exe Bundles 

Loophole Plates... eee | No. 
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Table V. 


STATEMENT SHOWING GROSS EXPENDITURE OF CERTAIN STORES 
DURING THE WAR. 


Description. 

Oil, Linseed, Boiled ... Galls. 
” » Raw ne? 
Glue ae ee ... Tons 
Canvas, Hessian 72 in. ... Yds. 
- Scrim,72in. ..._,, 


Jean Khaki Se er 
Calico, White sae Se 
Cotton... nes ... Reels 


Sapon aoe at ... Tons 


Fish-nets (aver. 30 ft. x 30 ft.) No. 


Wire Netting sag ... Rolls 
Paint, Dry Bes ... Tons 
x “Gear O>. a ox . & 


' 


Quantity. 


151,630 
7,065 

435% 
10,561,500 
6,860,000 
1,600,000 
554,300 
28,660 

344 


94,000 


142,645 
3,022} 


521} 


Remarks. 


Nets varied in size ; 
total quantity is 
equivalent. 
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Table VI. 


DETAILED STATEMENT SHOWING TOTAL EXPENDITURE OF PAINTS Dry 
AND GROUND IN OIL. 


Paint, 
Colour. G. in O 
Tons 
Brown Umber Turkey Burnt 38: 

- » Raw I 

5 Terre de Sienna Burnt 15} 

i , Raw 283 

Yellow Chrome Lemon 453 

; 53 Mid Tint ... 19} 

i 5s Orange 63 
Yellow Ochre 61 

Vermilion } 

Lead White ... 105} 

Blue Ultramarine 2} 

» Prussian 2} 

Green Brunswick Light 1233 

ms 3 Dark 163 

. Emerald 8} 

Black 33} 
Whitening _ 

Red Venetian 3} 
» Oxide 6 
Zinc Oxide 3 
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Table VII. 
TOTAL OUTPUT OF CERTAIN CAMOUFLAGE MANUFACTURERS. 


Concealment of Positions. 


Painted | Wire | Fish Portable Gun 


Canvas | Netting. | Netting. Sets. 
Sheets. | | 
Sq. yds. | Sq. yds. Sq. yds. | 78 pdr. Heavy 


| 
| 
| 
| 


959,092 | 6,281,455 


7,493,856 | 12,816 3,228 | 4,195,994 | 850,795 


+ 


O.P.s and Miscellaneous. 


( 


O.P.s. Portable O.P.s. : 


Snipers’ Dummy) Chinese 

Suits. | Heads, | Attack 

Para- | Tree. | Peri- | Armoured.| Un- | -_ Figures. 
pet. scope armoured. | 


| 
a | ee oy | a, SNS | nee A SSD 


920 


1,706 | 4,795 | 2,741 | 12,553 
| 
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CONCRETE DEFENCE WORKS AND FACTORIES. 
I. ‘‘ In Situ”? CONSTRUCTION. 


WHEN the struggle on the Western Front settled down to trench 
warfare conditions, analogous in many respects to those of siege 
operations, attention was naturally directed towards the possible 
use of concrete, plain and armoured, in the construction of field 
positions. 

The advantages of a sound monolithic concrete structure were 
obvious, giving, as it would, protection against shell-fire with a far 
less thickness of cover than any other material. 

French figures for the relative amount of cover required for 
safety against an 8-in. shell were as follows :— 


Soft soil ... seis O22 Ef, 
Hard soil ae ZAC: 
Chalk... w. 5 ft. 
Masonry ... sn «EL 
Concrete, plain... 5 ft. 


»,  Yeinforced 3} ft. 


The disadvantages were, unfortunately, not equally obvious, 
especially to those who had not had practical experience in this 
type of work. They were, however, very formidable, the principal 
being :— 

(a) Great difficulty in transporting the material to forward sites. 

(b) Necessity for keeping the various ingredients (aggregate, 
sand and cement) clean and in good condition ; cement 
especially suffered from the inevitable exposure and damp. 

(c) Delay during construction in erecting shuttering and strutting, 
and waste in striking on completion. Timber could 
rarely be used more than once, and there was always 
a shortage. 

(d) Length of time required for “ setting ’’ and maturing. 

(e) If reinforced, great difficulty in placing and fixing reinforce- 
ment under trench conditions, often by night. 

(f) Difficulties of concealment ; concrete became very obvious if 
earth or other covering was destroyed by shell-fire. During 
construction it was not easy to conceal the materials, 
mixing-boards especially showing up to aerial observation. 


and finally— 


(g) Lack of practical experience in the work on the part of the 
majority of engineers. 


157 


158 


In spite of all these drawbacks a good deal of 1m situ work was 
done, principally on the fronts of the First and Second Armies. 
Through the personal initiative and determination of a few 
enthusiasts work was actually done by night in the front line, both 
M.G. emplacements and observation posts of mass concrete being 
made in the breastwork or high-relief trenches north of La Bassée 
canal; but for the most part such work was confined to reserve 
lines, where transport facilities were greater, and where often 
buildings were still standing that served to conceal the work. 
Plate I illustrates a M.G. emplacement actually made in a reserve 
line of breastwork near Festubert during 1915; Plates II and III 
are examples of work inside a standing house. A fault in the design 
on Plate II is the use of R.S. joists as reinforcement (see Section 2). 
Plate IV is a later example of a reinforced concrete shelter in ground 
where the water-level prevented the construction of tunnelled 
dug-outs. 

In positions such as the “ Village Line ’’ behind Givenchy and 
Festubert, where transport could come by night to the actual sites 
of work, and buildings gave ample cover to dumps of material 
and to working parties, large quantities of concrete were used for 
reinforcing cellar roofs, making O.P.s, M.G. shelters, etc. Much of 
this work was done in I9gI5, but it was not until 1918 that it was 
put to practical test, when it played an important part in 
enabling the vital hinge at Givenchy to be held. 


2. IMPETUS GIVEN BY CAPTURE OF GERMAN WORKS. 


The discovery of many concrete defences in the German lines 
captured during 1917 revived general interest in this type of work, 
and caused a good deal of time, labour and material to be expended 
which it is possible might have been more profitably used in other 
ways. Excepting experts, who had been engaged in concrete works 
in peace time, most officers had only a hazy notion of the properties 
of concrete or of its application to defence works ; especially was 
there ignorance of the principles of reinforcement ; and a number of 
works, faulty in design and unsuitable to their purpose, sprang up 
along the front. A very common fault was the use of too large a 
proportion of reinforcement. Girders or rails, indiscriminately 
buried in concrete, only served to break it up into layers, and, 
when struck by a shell, caused the whole mass to crack and dis- 
integrate. 

Towards the end of 1917 the Engineer-in-Chief issued a Freldworks 
Note in which all these points were drawn attention to, and the 
main principles of reinforced concrete design were fully enunciated ; 
particular attention was drawn to the need for rapidity of con- 
-Struction, requirements for which were stated to be :— 
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(a) Preparation of reinforcement to be carried out at the work- 
shops, so as to have the minimum of work on it in the 
field (7.e., cutting to lengths and bending). 

(6) Tramway facilities for delivering the materials. 

(c) Continuity of supervision, both by officers and foremen. 

(2) Unskilled labour to be changed as seldom as possible. 


The advantages of reinforced over plain concrete, mainly the great 
saving in weight of material used, were explained, and rules for 
the correct use of reinforcement were given in full. These need not 
be repeated, as they differ in no way from those in regular use in 
civil practice. It is interesting to observe that the results of the 
large number of experiments carried out at various times during 
the War to determine the effect of shell-fire on concrete structures 
only served to emphasize the correctness of the existing rules and 
formulz ; the main difficulty in making accurate calculations lay 
in the indeterminate quantity of the pressure due to shock of 
projectiles, and the necessity for allowing an ample factor of safety 
involved a certain amount of unavoidable extravagance. At one 
time the practice of introducing an air-space in shell-proof cover 
was very popular, but the fallacy of this practice was explained in 
the note under consideration :— 


‘* Air-space is undoubtedly effective in reducing concussion, but 
as the outer roof must be strong enough and thick enough to 
burst the shell and absorb the shock, the construction of such 
spaces as part of the concrete structures means considerable work, 
If it is desired to reduce the concussion, it is simpler to build an 
inner chamber one brick thick, with a wooden floor inside the 
reinforced concrete structure. The air-space should not be 
enclosed, but the air should have access to the outside atmosphere. 
If the air-space is made above the main structure with a small 
amount of cover, less than 5-9 in. proof, over, the upper roof will 
be rapidly destroyed by bombardment and is difficult to repair. 
It is, therefore, preferable to make a solid roof in the first place. 
(Neither the French nor the German Army employs air-space.) ” 


3. MISCELLANEOUS EXAMPLES OF WORK. 


(a) Example of rapid construction of a ferro-concrete shelter. 

(0) Report on test of reinforced concrete machine-gun emplace- 
ment at Kemmel. 

(c) Destruction of a concrete O.P. by guncotton. 


(a) This shelter was made, as a type, within 30 yds. of the front 
trenches, to provide cover for a Lewis-gun detachment. The site 
was sheltered to some extent by the lips of a cratered area, but 
was nevertheless in a decidedly ‘‘ unhealthy ”’ neighbourhood. 
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Description.—The floor space was 6 ft.x6ft., with an entrance 
2 ft. wide leading into a passage 2 ft. 6in. wide with two sets of 
steps up out of it. The entrance was covered by a ferro-concrete 
parados, 3 ft. thick, which ran the whole width of the shelter. 

The thickness of the front and side walls was 3 ft., back wall 2 ft. ; 
these walls and the parados were reinforced near the surface with 
expanded metal. The side walls were 3 ft. 6 in. high and supported 
two segments of an elephant shelter, which gave a maximum inside 
height of § ft. 

The roof above the crown of the elephant shelter was 4 ft. thick, 
reinforced with four layers of expanded metal. The floor was one 
foot thick and reinforced. There was a 6-in. diameter hole for a 
periscope. 

The amount of solid concrete was 1,620 cub. ft. and the interior 
space 360, a ratio of 44 to I. 

Time and Labour.—The complete work occupied 14 days, during 
the whole of which time an average of 6 tunnellers and 14 infantry 
were employed continuously in advance of the siding where material 
was delivered. Day work was rendered possible by the use of suitable 
screening. 

The excavation (bottom of floor concrete 10} ft. below ground 
surface) took 5 days to complete, 4 tunnellers and 5 infantry (carry- 
ing party) being engaged continuously. 

Seven men were at work continuously for g days at the actual 
concrete mixing and filling. There were two sets of two men each 
mixing, two men filling-in and ramming, and one man carrying 
water. 

Carrying the material took 13} days, 12 infantry being employed 
continuously. 

All these time and labour figures are given as a matter of interest ; 
but they must naturally vary very greatly according to local 
conditions. 

(6) The emplacement (built in August, 1915) was 6 ft. 6 in. square, 
6 ft. 3 in. high in front, and 5 ft. 6in. high at back. Thickness of 
roof, 2 ft. at front, and 1 ft. 6 in. at back, supported on walls g in. 
thick. The reinforcement of the roof consisted of a 6-in. mesh of 
3-in. diam. bars at bottom, and 6-in. mesh of ,-in. bars at top. 
From every alternate bar of the upper layer of bars in the bottom 
mesh stirrups of 2 in. x4 1n. hoop iron were carried to the top mesh 
of the bars. The proportions of concrete were probably 1: 2}: 5. 
The charge, 10 lbs. of guncotton, was placed centrally on the roof, 
and tamped with earth. 

Results of Explosion.—A crater about 15 in. diam. and of maximum 
depth g in. was made in the outer surface of the roof. The upper 
mesh of bars was found to be below this level, and did not therefore 
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contribute materially to resist the impact of the explosion. The 
under surface of the roof had suffered considerably, the concrete 
below the bottom mesh having flaked away over an area of 4 ft. x 4 ft. 
The lower layer of bars had deflected 7 in., and the alternate bars 
of the upper layer (not stirruped) had deflected 3in. The bars of 
the upper layer, which were stirruped, had not visibly deflected. 
No bars were broken. Immmediately below the point of the explosion 
6in. of concrete had fallen over a width of 12 in. and a length of 
about 3ft. The stirrups on every alternate bar had no doubt 
confined the width to 12in. The pieces of concrete which fell into 
the emplacement did not exceed 6in. The walls did not appear 
to have suffered much, only one horizontal crack over the loophole, 
extending the whole width, and a slight vertical crack being visible. 

The sketch (Plate V) shows clearly the effect of the explosion. 

Conclusion.—From the results obtained there is no doubt that 
the vertical members in the roof localized the effect of the impact, 
and at the same time prevented deflection of the bars to which 
they were clipped. 

If the stirrups in this particular case had been hooked around 
the lower layer of bars in the bottom mesh, and on every bar of that 
layer, practically no deflection would have occurred, and the only 
damage to the roof would have been the flaking off of the concrete 
below the bottom mesh. This flaking cannot entirely be eliminated, 
but the thickness of the concrete below the bottom mesh should be 
reduced to a minimum, say, # in. to 1 in., and the pieces falling into 
the dug-out would, therefore, be small and would not damage the 
occupants. 


(c) This O.P., which had an excellent view of our lines, was 
captured ; in view of its possible recapture and use by the enemy, 
who was only 80 yds. off, it was decided to destroy it. 

The plan and sections (on Plate VI) give its dimensions. Details 
of the reinforcement are not known, but it was heavily armoured 
with 1-in. rods and had steel girders in the roof 4 in. from the under 
surface. 

The structure had been shaken by bombardment, but, as far as | 
could be seen, it was not seriously damaged. Such cracks as 
existed outside appeared to be only surface ones. None were 
visible inside. The concrete had, however, fallen away from the 
under surface of the roof of the tower, revealing the steel joists. 

In carrying out the demolition, it was desired, if possible, to 
preserve the lower chamber. The charge, consisting of 300 lbs. of 
guncotton, was therefore placed against the wall away from this 
chamber, and the entrance from the tower to the chamber was 
closed by means of sandbags. The entrance from outside to the 
tower was also sandbagged. 

L 
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Two primers and detonators were inserted in the charge and the 
safety fuse was passed out through the observation hole marked on 
the plan. 

The effect of the explosion was to demolish the tower completely 
and to damage the chamber considerably. The crater formed was 
36 ft. across and 12 ft. in depth. On the British side, the débris 
fell only a short distance from the site; the greatest distance at 
which any piece }cub. ft. in size was found was 20 yds. The 
majority of the débris was, however, thrown towards the enemy, 
and it is not possible to ascertain to what distance it went in that 
direction. 

No damage whatever occurred to the trenches in the vicinity of 
the structure. | 

In view of the complete nature of the destruction it seems probable 
that a somewhat smaller charge would have secured the result 
desired. | 


4. CONCRETE BLOCK SHELTERS. 


The difficulties of 1% situ concrete construction naturally led to 
the consideration of the use of concrete blocks, which could be 
manufactured well behind the line and sent up after they were 
properly matured. Various patterns were evolved and tried by 
different units during 1917, and early in 1918 a pattern designed in 
the 230th Army Troops Company was adopted by the Engineer-in- 
Chief, together with a plan for a standard concrete block pill-box. 
Plates VII to IX show the general arrangement and details of 
construction. In this design the floor and roof of the pill-box were 
formed with concrete blocks or beams, obviating the use of timber 
shuttering, 1m szt# concrete, or steel joists and rails. These beams 
were properly reinforced with iron bars and stirrups, and were of 
such dimensions that they bonded in with the wall blocks, enabling 
the vertical reinforcing bars (A) in the walls to project either down 
or up between them. A number of holes (B) were also provided 
horizontally through the beams to allow reinforcing bars to be 
placed through and connect them together. The bottom course of 
these beams in the floor (also the top course in the roof) were 
“‘ staggered ’’ over the whole width of the pill-box, so that, when the 
horizontal bars were inserted and the small space between the 
beams grouted up with cement, the whole formed a raft foundation. 
The wall blocks, later known as the “ Aire ’’ pattern blocks, measured 
I ft. 6in.xXg in. on plan; a hole (C) was formed vertically through 
the centre of each half of the block, and the top and the bottom 
faces were so moulded that a fillet of concrete (D) was formed round 
three edges and down the centre, leaving recesses as shown on the 
drawings. 
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Each block was reinforced by two sheets of expanded metal held 
apart by wire stirrups. When this design was prepared it was 
estimated that the time required for erection of a pill-box in the 
forward area would be roughly one week, as against the usual two 
or three weeks needed for 7” situ concrete plus the time required to 
dry out and mature. In practice, it was found that the block 
pill-box took only four or five days to erect, and since all the blocks 
were well matured before they were delivered to the site, good cover 
was immediately obtained. The usual method of erection was first 
to build the walls dry, and then, after pointing the joints on the 
inside and outside faces, to pour cement and sand grout down the 
vertical holes provided. With this design of block and beam it was 
found that there was a good circulation of the liquid grout throughout 
the floor, walls, and roof, which resulted in a comparatively mono- 
lithic construction. 

The following is a short summary of the details of construction 
of one pill-box, which was completed in 30 hours :— 

Two N.C.O.s and 40 men loaded the following material at the 

Concrete Works in 5 hours :— 


2,695 concrete blocks, each weighing 50 lbs. 
70 7 a Sg », 25 lbs. 
318 ,, beams 2 »» 300 lbs. 
935 reinforcement rods 
30 barrels cement 
80 bags of sand 
Total weight =130 tons. 


Dispatched by train during the night, and unloaded on to narrow- 
gauge train early next morning. Owing to shortage of rolling stock 
four days were expended in trans-shipping and forwarding material 
to the forward site, a loading party of 60 being employed each day. 
The work of construction was commenced at 6.30 a.m. on the sixth 
day and completed at 12.30 p.m. on the seventh day ; parties varying 
from 20 to 27 working in continuous shifts. Actual time of con- 
struction thus amounted to exactly 30 hours. 

The disproportion of time of transportation to time of construction 
is very noticeable. 


5. EFFECT OF ENEMY FIRE ON BLOCK PILL-BOXEs. 


A number of hits was obtained by the enemy on pill-boxes 
erected in the forward areas. Although complete details were not 
always available, the following reports give some idea of the resistance 
to shell-fire :— 


(2) East of Forest of Nieppe ; pill-box only just completed received 
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a direct hit on the centre of the roof; shell believed to have been 
from 5:9 in. howitzer ; damage done is shown in the sketch below. 


kK —-90—— > 
pL olrancef 


3 Courses 


of Beams 


7op reinforcing bars in beams 
—-——. —. — Bottom ” ” 


The three beams in the bottom row of’ the roof formed a bulge 
in the ceiling, but none of the reinforcing rods of the beams were 
actually broken. At C and D the end beam had sprung out half 
an inch, at F the last four beams were sprung out 6in. It does 
not appear likely that, apart from concussion, any injury could 
have been caused to the occupants. 

(b) M.G. emplacement, 2 ft. 3 in. walls and roof, completed 48 
hours before being hit ; type of shell undoubtedly 77-mm. ; damage 
very slight; crater gin. deep and 12in. wide; last top beam 
displaced at one end 4} in. ; machine-gun team in the emplacement 
were not even aware that it had been struck ; no cracks or other 
evidence of strain were noticed. 

(c) Large pill-box, 3 ft. walls, in use as brigade headquarters, 
completed about 5 weeks before ; type of shell reported as 5-9 in., 
but probably not more than 4:2in.; damage very slight. The 
shell struck the edge of the roof, making a crater about 12 in. deep 
x 2 ft. 6in. x2 ft. 6in., uncovering the second layer of beams ; no 
cracks or other evidence of strain noticeable. 


165 


(d) Machine-gun emplacement, 2 ft. 3 in. walls and roof, erected 
4 days before being hit ; type of shell probably 4-2 in. ; damage : 
the shell struck the corner of the loophole, the weakest part of the 
structure, and practically knocked out the blocks level with the 
loophole as far as the left-hand wall, 7.¢., 15 in. high by 2 ft. long ; 
a small crater was made in the front wall to about 18 in. below the 
loophole, the damage being only superficial, the beams below the 
loophole were practically untouched; the table for the pivot 
mounting was knocked back at the top 9 in., but the mounting was 
hardly touched, although the fore part of the gun was badly damaged. 
Five men were in the emplacement at the time, one of whom, sitting 
on a table with his head level with the loophole, was badly wounded : 
the other four were untouched, and another gun was mounted 
immediately ; no other signs of strain were observed, and the 
damage was very quickly repaired. 


6. ‘‘ ARQUES ’”’ PATTERN BLOCK. 


An alternative pattern of block was produced at the Arques 
factory. In this pattern the expanded metal reinforcement was 
omitted in the wall blocks, the top and bottom face of which were 
grooved to allow horizontal reinforcing bars to be placed between 
each course of blocks. This is illustrated on Plate X. 

Extensive experiments were carried out at Shoeburyness to decide 
the actual and relative resistance offered by the Aire and Arques 
pattern pill-boxes against shells of various calibre. The sand and 
aggregate available at Arques were generally of better quality than 
that at Aire, but the omission of block reinforcement resulted in a 
considerable number of blocks being broken in transit to forward 
posts. Several series of experiments gave very similar results for 
both types of pill-box. 

In the expectation of having to construct large numbers of concrete 
defences during the winter 1918-19 discussion went on through the 
spring and summer of 1918, and the following extracts from a letter 
written by the Chief Engineer First Army at the end of June, give the 
general conclusions that were arrived at :— 

6s @ 2 * * 2 5 € e 2 

2. It is first necessary to consider the problem which it was 

required to solve when these pill-boxes were designed :— 

(a) To give cover against splinters, and, if possible, direct 
hits up to 5-gin., for machine-guns, R.A. personnel 
and Battalion and other Headquarters in ground where 
deep dug-outs are not possible. 

(6). . . To devise a block light and strong enough to carry, 
and which will harden quickly, combined with a simple 
form of reinforcement and bonding so that the whole 
can be easily and quickly put up in difficult positions. 
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3. The Experiments—The concrete of the Aire pill-box was 
not of as good quality as the Arques, owing to the aggregate being 
of soft Marquise stone instead of hard gravel; inferior sand also 
was used for grouting. Experiments showed that 4-5-in. Howitzers 
have little effect on these pill-boxes ; as regards 6-in. Howitzers, 
the trial was a very severe one ; the 6-in. shell is more powerful 
than a German 5-9-in. and was fired at about 40 yds. distance, 
calculated to be at 3,000 yds. range. Pill-boxes would probably 
be at an average distance of 1,500 yds. from the German front 
line, and the minimum range might have been 6,000 yds. The 
hits on the sides damaged the corner of the Aire pill-box badly, 
owing to the absence of lateral reinforcement, but had no effect 
inside. The same hit on the Arques pill-box had much less effect, 
but flaked off large pieces inside owing to the block having no 
internal reinforcement. The hits directed at the ends, at the junction 
of the wall and the ground, were severe tests, and in the case of 
the Arques pill-box blew a hole clean through; the Aire pill-box, 
being hit by a blind, had only a more or less clean hole made. 
In neither cases were the structures vitally damaged, and they 
were practically as good as ever as regards shelter. 

Generally speaking, though the pill-boxes cannot be regarded 
as proof against 5-g-in., they practically fulfil conditions sought 
after, which are detailed above, and though a lucky hit might 
knock out the crew, the practical and moral cover given is sufficient. 

4. The experiments proved that the transverse and extra 
reinforcement of the Arques system is of great value, but whether 
worth the extra complication, except in special cases, is a matter 
of opinion. About 10 per cent. of the Arques blocks broke in 
transit, and also flaked off dangerously inside on being hit. These 
difficulties were absent in the Aire blocks. 

* * * * * * ad ee * = 

8. I consider the present types meet our requirements with 
the following modifications :— 

(a) The block should be a combination of the two types, 7.e., 
the shape should be of the Arques pattern to enable 
lateral reinforcement to be used tf necessary, but the 
blocks should have internal reinforcement of expanded 
metal or wire webbing as at present in the Aire block, 
for safety in transit and to prevent flaking. 

(6) When the structure is proposed to be 4:5 in.-proof, the walls 
and roof may be 2ft. 3in. thick without lateral 
reinforcement. 

(c) When it is considered that general protection against 
5°9 in. is required, and it is proposed to chance a lucky 
hit, walls and roof may be 3 ft. gin. thick without 
lateral reinforcement. 
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(¢@) Where absolute safety is required against 5-9 in., lateral 
reinforcement should be given, and the roof may probably 
remain at a thickness of 3 ft. gin., but the walls should 
be increased to 5 ft., further experiments being required 
to prove this. 


g. A few hits have been obtained by the enemy on the pill-boxes 
already erected, and have had no practical effect, and the shelter 
has been received with great favour by the Divisions in the line.” 


The Chief Engineer’s recommendation in his para. 8 (a) as to the 
shape of block was finally adopted, but the change in the tactical 
situation after the summer stopped all concrete work, and so the 
final type was never put to practical test. 


7. CONCRETE FACTORIES. 


Reference has been made to the output of both Aire and Arques. 
A special concrete factory was established at the former place 
by the Chief Engineer, First Army, about the end of 1917. With 
the adoption of a standard pill-box design this factory was enlarged, 
and was entirely given over to the manufacture of blocks and beams. 
The factory at Arques was originated by the Chief Engineer of the 
Second Army (during the winter of 1916-7) for the manufacture 
of concrete bursters, flooring slabs, drain-pipes, etc. This was 
taken over by the Director of Works (later Director of Engineering 
Stores) in 1918, and in addition to other work turned out a large 
number of standard pill-boxes. The organization and lay-out of 
both factories were on very similar lines. 

Aire Concrete Factory.—The general lay-out of the Aire factory 
is given on Plate XI. A bank, 12 ft. high, was tipped along one 
side of the site behind the twenty ‘“‘ making ”’ sheds, to enable the 
ballast, sand and cement broad-gauge trucks to be delivered at the 
high level. These off-loaded into storage bunkers built on the 
bank behind each ‘“‘ making ”’ shed. Open bunkers were provided 
for the ballast and sand, and damp-proof closed bunkers for the 
cement, which was stored in bulk. The gauge-boxes were carried 
on 2-ft. track on a timber gantry built on the edge of the bank 
immediately below the outlet of the storage bunkers, and on a level 
with the feed hoppers of the six concrete mixers. Both petrol and 
steam mixers were used, carried on bogies on a broad-gauge track 
running the full length of the twenty ‘‘ making ’”’ sheds, so that a 
mixer could be easily brought into position opposite any shed in 
which the moulds were prepared ready for concreting. The blocks 
and beams were cast in moulds directly on the concrete floor of the 
“making ’’ sheds. Wall blocks were made in boxes of 16 to 19g, 
each box immediately adjoining the next, so that the concrete could 
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be filled into a number of boxes at the same time. The concrete 
floor of the ‘‘ making ’’ sheds formed the bottom of the wall blocks 
mould. It was scraped and treated with composition each time 
before use. The timber moulds were removed on the day following 
concreting, the blocks being left on the floor 3 to 4 days before 
going to the stacking ground. Beam moulds were assembled in 
boxes of 18, each mould having a floor board which prevented 
warping and assisted in striking. Moulds were removed on the 
day after concreting, and the beams were left on the floor boards 
in the ‘‘ making ”’ sheds for 5 to 6 days before removal to the stacking 
ground. When work was at its height the Aire factory was manu- 
facturing and exporting over 7,000 wall blocks and between 600 
and 700 roof beams per day, representing a daily output of 250 tons 
of reinforced concrete. All reinforcement required was cut and 
prepared at the factory. Practically all timber moulds were also 
made there. Task-work was adopted throughout, and proved 
highly satisfactory. The following average daily tasks were main- 
tained :— 


Jobs. Per man per day. 
Set up moulds, reinforcement, cast in concrete and : 
strike moulds of... age sia ait ... 28 concrete 
blocks 
Excavating earth of fairly loose nature as sid 6 cub. yds. 
Cutting up expanded metal reinforcement into small 
sheets I ft. 41n. x7 in. ae .». 250 Sheets 
Wiring small sheets together with three stirrups ..» 150 blocks 
Cutting rods for reinforcement eax ie ... 250 rods 
Wiring up beam reinforcement es Wes ... 18 beams 
Cutting 14-in. pipes into lengths Sag 35 pipes 
Off-loading casks of cement, aoone open casks 
and binning ... -e ee ... II casks 
Off-loading gravel from trucks - sie baie ... Io tons 
Crushing and loading stone into trucks ha ais 6 tons 
Loading up concrete blocks carefully ss Sa 5 tons 


Engoudsent Factory.—With the German advance in March/April, 
1918, both Aire and Arques were left dangerously near the front, 
and preparations were made to establish two new factories near 
the coast; an alternative site for the Arques factory was found 
by the D.E.S. at Marquise, and another factory, designed gradually 
to replace Aire, was built under the direction of the O.C. Aire Factory 
at Engoudsent (near Etaples). The lay-out of the Engoudsent 
factory embodied the results of much previous experience, and, 
although the factory never came into actual use, a description of it 
is worth putting on record. The general lay-out is shown on Plates 
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XII and XIII. It was designed for an output of 500 tons per day, 
which would have involved the handling of roughly 3,000 tons of 
material per day ; so it was important to take as much advantage 
as possible of gravity, and the site was selected with this object in 
view. The difference in level between the top supply siding and 
the low level dispatch sidings was 5oft. Side-tip wagons were 
used for the supply of ballast to the crushers and to the storage 
bunkers, which had a storage capacity of 1,500 tons. The cement 
bins were filled through hatchways in the roof, the barrel being 
opened on a grating through which the cement was allowed to filter, 
and the empty barrels were returned to the Base in the same truck 
in which they arrived. MHalf-yard side-tipping skips running on 
a 2-ft. track were used for gauge-boxes. They were carried on a 
timber gantry as in the Aire factory. The concrete mixers also ran 
on a broad gauge track, so that each “ making” shed could be 
supplied in turn. The mixed concrete was conveyed to the moulds 
in the ‘“‘ making ”’ sheds by means of “ Morris ’’ overhead runways, 
which extended over the stacking ground to the dispatch sidings, 
and enabled the manufactured blocks and beams to be handled in 
the same way with the minimum amount of labour. 

Steam-Curing Plant.—From a number of tests carried out at 
the Aire factory it was found that blocks 12 hours old could be 
hardened or “ cured ’”’ so as to be equal in strength to blocks 3 to 4 
weeks old, by means of injecting steam into the green concrete 
blocks through the two holes provided in them for the reinforcing 
bars. Steam was forced through the blocks for a period of 4 to 6 
hours at a pressure of 5—Io lbs. per square inch, and apparently had 
no detrimental effect in other respects on the concrete. These 
results seemed sufficiently satisfactory to warrant the adoption of 
steam-curing plant at the Engoudsent factory, by means of which 
blocks and beams made during one day could be steam-cured the 
same night and removed to the stacking grounds the next morning, 
thus freeing the floors for new work, and at least doubling the 
capacity of the factory. Plate XIV shows the lay-out of steam- 
pipes to enable each mould to be supplied with steam from the 
main boilers, which, during the day-time, were to be used for running 
the central generating plant for all machinery on the works. 
Plate XV shows the cast-iron steam chests used in conjunction with 
the timber moulds to convey steam through the 2-in. holes in the 
blocks and beams. Immediately the concrete had obtained an 
initial set the pipes were withdrawn from the moulds and all outlets 
‘from the steam chests closed, the steam was then turned on and 
the concrete became saturated with a moist heat which had the 
‘“‘ curing ”’ effect described above. 

School of Concrete.—Early in 1918 courses were started at the 
Aire factory, to which Divisions and Corps sent both officers and 
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men for a seven days’ course of training. The normal processes of 
the factory were studied and explained, and special instruction 
was given in the work of erection of the various types of pill-boxes 
supplied. Such a school on an enlarged basis was intended to form 
a feature of the new Engoudsent factory. 


8. SPECIAL CONCRETE UNITS. 


' The great advantage of employing special units on a few standard- 
ized designs was obvious, and various proposals were put forward 
by the Engineer-in-Chief during 1917 with this object. 

The situation after the German offensive in 1918 brought into 
still greater prominence the need for specialization and standardiza- 
tion if concrete work was to be successfully carried out on a large 
scale ; and about the end of April two Port Construction Companies 
were lent by the Director-General of Transportation to the Engineer- 
in-Chief for concrete work in rear zone defences. Meanwhile experi- 
ments in England had resulted in the standardization of the ‘‘ Moir ”’ 
pill-box (see Section 9), and the construction of large quantities 
of concrete blocks was commenced at Richborough under the 
Director of Inland Waterways and Docks, who also offered to 
send a number of men to France for the purpose of erecting the 
pill-boxes. The Engineer-in-Chief insisted on the desirability of 
having such men formed into proper units, and after further dis- 
cussion it was decided to form and send out at once five “‘ Trans- 
portation Works Companies, R.E.’’ These were to be retained as 
Transportation troops, but to be at the disposal of the E.-in-C. for 
the erection of pill-boxes or other reinforced concrete work. At 
the same time, approval was given for the appointment of a Royal 
Engineer officer as ‘‘ Inspector of Concrete Defences,” graded as 
a C.R.E., and attached to the Staff of the Engineer-in-Chief at G.H.Q. 

Duties of the I.C.D.—The duties of this officer were laid down 
as follows :— 

(a) To inspect the work of Transportation Works Companies 
with Armies as regards technical matters in erection, 
transport to site, rate of progress, and methods of execution. 

(b) To report on details of design and improvements proposed 
in Armies, and to discuss with D.I.W. and D. department 
as regards manufacturing details. 

(c) To keep records of experiments made at Shoebury, and all 
effects of shell-fire in France. 

(d) Liaison with concrete factories in France as regards concrete, 
shelter block manufacture, needs of armies, and experience 
of various types made, design, and reinforcement details. 

(ec) Similar duties in respect of the ‘“‘ Hobbs ”’ and other forms of 
pill-box approved by the General Staff for trial and manu- 
facture. 
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This appointment was approved about the middle of July, 1918, 
and, immediately after, the first T.W. Company arrived in France, 
and was allotted to the Second Army. The remaining four com- 
panies followed at intervals of about a fortnight each, and were 
posted to the Fifth, Third, First and Fourth Armies in succession. 
Each company consisted of a headquarters and three sections, 
every section being self-contained. The total strength of a company 
was 5 officers and 257 other ranks, and its transport was all 
mechanical. The provisional establishment is given in Appendix I, 

Work of T.W. Companies.—The constantly changing tactical 
situation interfered with the normal course of concrete work, and 
these companies were actually employed on a variety of engineer 
duties up to the date of the Armistice, after which they all returned 
to the D.G.T. The following is a very short summary of the work 
* done by each Company :— 

220th Company (Second Army).—Pill-boxes (mostly Moir) and 
O.P.s, Kemmel district, till early September—general repair work 
in recovered R.E. parks and workshops, also Army water supply 
—clearing roads through Bailleul—in October, forward roads, 
Vierstraat-Wytschaete, through Ploegsteert Wood ; bridges over 
River Lys, piles and pontoon. 

22Ist Company (Fifth Army).—Started work on erection of 20 
“Moir ”’ pill-boxes, and other concrete defence work till middle 
September, then one section repairing shelled villages, and one 
section on forward roads—from middle of October to Armistice, 
whole Company on repairs to billets and villages, also charge of 
dumps, issue of heavy bridge material, etc. 

222nd Company (Third Army).—Commenced work end of August, 
when concrete defence schemes had been abandoned ; repairing 
roads and villages and constructing concrete huts in devastated 
area south of Arras ; erecting Nissen huts for Army Headquarters ; 
end of October, dams and temporary bricges on Escaut Canal. 

223rd Company (First Army).—Concrcte defences and concrete 
factories till beginning of October; miscellaneous hutting jobs 
under C.R.E. Army Troops; end of October, two sections assisting 
in heavy bridging. 

224th Company (Fourth Army).—Middle September, no concrete 
work in progress. At first employed on rcads and hutting in connec- 
tion with operations ; from early October, in charge of Army Heavy 
Bridging Depst, also miscellaneous duties in connection with heavy 
bridges, repair of existing road bridges, erc cting pile drivers, etc. 


9. Morr PILL-BoxeEs. (See Plate XVI.) 


The Moir pill-box, to which reference has already been made, 
was designed at the Ministry of Munitions by Sir E. W. Moir. It 
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consisted of a circular concrete block wall supporting a dome from 
which was suspended a revolving steel bullet-proof ring. 

The gun was carried by a special mounting attached to the ring. 
By the addition of concrete on the dome, and round the block wall, 
the emplacement could be made proof against field-gun fire, and by 
itself was proof against rifle or machine-gun fire. It could not be 
made in any way proof against 6-in. shells, but was not, if suitably 
protected, affected by shell of that calibre bursting 3 ft. or more 
from it. 

The pill-box was eminently suitable for use in the area not normally 
liable to shell-fire. In shelled areas its use was limited to localities 
not under direct observation by the enemy. The value of the 
emplacement lay largely in the fact that it could be easily concealed 
from air observation and photography; thus great stress was laid 


on the importance of camouflaging the site before erection began, — 


and of maintaining the camouflage later. 
The approximate weights of the principal parts were as follows:— 


Total 
Weight. 


Weight 
ofteach. 


Ibs. 


Blocks, concrete, top or 
bottom 


Blocks, concrete, inter- 
mediate 


Blocks, concrete, closers 


Sections of base ring or wall 
plate 


R.S.J. Stools 92 
Sections of dome roof 528 
Sections of bullet-proof ring 304 
Suspension Gear 70 
Bolts and Sundries ... 77 

Total Sa? see see dot ..  II,012 


(4 tons 18 cwt.) 


ee a i, —— 
imme 7 
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Three lorries were required to transport a complete pill-box, and 
the erection party consisted of 1 N.C.O. with knowledge of setting 
out, levelling, etc., 1 fitter, 1 fitter’s mate, 1 mason, 6 labourers. 

The average time required for erection after the materials were 
on the site was 3 days of 7 working hours each, but when parties 
became skilled at the work this time could be very considerably 
reduced. 

Extensive experiments were carried out as to the best means of 
protecting the pill-box against shell-fire, and it was finally decided 
that the best form of protection against a 6-in. shell bursting close 
at hand was provided by a belt of small rubble about 3 ft. wide. 
As an additional source of strength the concrete blocks were provided 
with holes through which steel reinforcing rods could be placed, 
and, by connecting these to the floor reinforcement, a more or less 
monolithic concrete box was formed. Exception was taken to the 
weight of the blocks, which were 2o0 lbs. each, and a lighter block 
would have been made had not manufacture been brought to an end 
by the Armistice. 

A special block factory was established at Richborough and 
a large number of pill-boxes was sent to France and erected during 
the summer of 1918. 


1o. Gas FuMES IN PILL-BOXEs. 


Considerable trouble was caused at one time, when firing machine- 
guns from pill-boxes or emplacements, owing to the fumes produced 
by the combustion of the propellant in small-arms ammunition. 
Several cases occurred of gun detachments being put out of action 
in this way whilst actively engaged in fighting. On investigation 
it was found that there were three ways of avoiding the dangerous 
concentration of CO :— 


(a2) To discard the muzzle attachment. 


The objection to this course was that it reduced the rate of fire. 
and rendered the gun more liable to stoppages. 


(6) To push the gun well out of the pill-box. 


The objection to this was that it would have necessitated a new 
gun mounting, and also interfered with rapid all-round firing. 


(c) To fit a cup to the muzzle attachment which would project 
the gases forward. 


Experiments showed that a cup of very small parabolic form 
would accomplish this, and could easily be fitted, and the supply 
of these cups was at once taken up on the scale of 1 per Vicker’s 
gun, plus I per pill-box or concrete emplacement. Shipment of 
these began early in August, but the change in the tactical situation 
prevented their coming into practical use. 
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Ir. GERMAN CONCRETE DEFENCES. 


A very large number of German concrete dug-outs, emplacements, 
O.P.s, etc., were found in the lines captured during 1916-7. Special 
concrete companies had been employed on these works, and con- 
siderable space was devoted to the details of this form of defence 
in the German Manual of the Construction of Field Positions 
(Stellungsbau) issued in June and December, 1916. The same 
faults were noticeable’ in the earlier work as have already been 
described on the British side, but very great improvement was 
apparent as time went on. One of the features of the massive works 
in the Hindenburg and other lines was the network of light railways 
which led direct to the site of every important concrete structure. 
An examination of the damage caused by hits from our heavy 
artillery emphasized the immense superiority of scientifically rein- 
forced concrete over block or mass concrete structures. Reports 
on captured works east of Ypres stated :— 


(a) ‘‘ Most of the dug-outs have been hit, and except for some 
in front line, where the concrete appears to have been 
poor or the thickness insufficient, they have not suffered. 
One farm has been incessantly bombarded by ourselves 
and by the enemy for over a month, and is none the worse. 

(b) ‘‘ Numerous structures showed no sign of being damaged. 

(c) ‘‘ The effect of shell-fire on these structures has been practically 
nil, though the surrounding ground is a mass of inter- 
locking shell-holes.”’ 


Some structures were actually removed bodily without being 
broken up; in one case ‘a large shell landed on the ground close 
to one wall and the shelter settled down in the shell-hole’’; in 
another the shelter ‘‘ was knocked slightly out of plumb without 
in any way cracking it.’ It was also noticed that ‘“‘ concrete 
structures originally inside buildings have suffered far less damage 
than the others ; the great value of an air space and burster is very 
well exemplified by this; they also render concussion inside much 
less.”” | 

As regards the penetration of shells into concrete reinforced 
with rods, reports say :— 


_ (a) “‘ In no case has concrete been affected deeper than gin. 
Only two rows of reinforcement are therefore exposed to 
view, but it is probable that more exist. 

(6) ‘‘ There are numerous cases of hits which have been arrested 
at a layer of reinforcing bars. Sometimes the bars them- 
selves are only broken by direct contact with the shell 
or pieces of shell, whereas the concrete is cracked by shock 
alone.” 


iS ee 35 
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As previously noticed at Messines, rails and joists in the mass 
of the concrete had an undoubted disintegrating effect. In many 
cases, especially with reinforcement of rails or heavy bars, shearing 
and cracking took place along the plane of the reinforcement when 
the structure was hit. The block system of construction was 
condemned at Messines and again east of Ypres :— 


(a) ‘“‘ All dug-outs built of concrete blocks that were hit were 
done in. 

(6) ‘‘ The wall of ashelter built of concrete blocks 2 ft. x1 ft. x7 in., 
pointed with mortar, but without dowelling or reinforcing, 
has been blown in. Practically all joints have started, 
and the weakness of the structure is evident.” 


Plates XVII, XVIII, XIX show typical examples of German 
work, 
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Appendix I, 
TRANSPORTATION (WORKS) COMPANIES, R.E. 


War Establishment. 


Personnel. 


\als 
Detail. a8 : ee 

a3) 31 2 |B) ale 
20. OC« Y oat ae 
as 3 

Major | I I 

Captain 7 | I I 

Subalterns nee | 3 3 

Coy.-Sjt.-Major (W.O. | | | 

ChE) An. (403 | | g-, 

Coy.-Qrmr.-Sjt. I | | r | 

Serjeants ... 7 | 7 

Corporals ... | Io | Io | 

2nd-Corporals 10 | Io | 

Lance-Corporals | 

Sappers and Pioneers | 


Total (excl. Attached) ... | 5 
Attached : 
Batmen (Category B) 
Drivers, A.S.C., M.T. ... 


| 
Total for one Company ...| 5, I | 8 | 256 | 270 a a 
Total for 5 Companies... | 25 | 5 


40 | 1280 | 1350 | 5 | 25 | 10 
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TRANSPORTATION (WoRKS) Coys., R.E. 


| Schedule of Trades. 
Blacksmiths 


3 
Bricklayers 24 
Carpenters 20 
Clerks 4 
Draughtsmen and Surveyors 4 
Electricians 3 
Engine Drivers (Stationary) 3 
Fitters and Fitters’ Assistants ... i — ius coe wee 40 
Heavy Timbermen ie sais sits eee wes ies oe «24 
Masons aes 45 
Painters (Signwriters) 3 
Plumbers a ise pus mr ag re oe we «= 33 
Pioneers ... ai sia Sie Ses is “aa st 71 
Cooks 4 
Shoemakers ... sais ss és sis ‘Ss ai 2 
Tailors aa re _ sei at es sae 2 
— 79 
255 
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V. 
FORWARD COMMUNICATIONS.. 
INTRODUCTION. 


THE extent to which the success of operations is dependent upon 
the opening up and maintenance of communications is probably not 
fully realized, except by those upon whom the responsibility of this 
service has rested ; no more than are the difficulties that had to be 
overcome during at least the first two years of the Great War. There 
are certain elements of a fighting army, the need for which is obvious 
to all, and the supply of which is ensured by approved establishments 
and organization. Food for men and forage for animals, ammunition 
for guns and dressings for wounds were provided on a definite scale 
and by means of regular working parts of the complicated mechanism 
of war. But there was no corresponding machinery to supply stone 
for the repair of roads, timber for cross-country tracks, rails or trucks 
for tramways, or, in fact, any engineering stores. Consider the 
various processes that were required before a damaged high road 
could be made fit for service :— 


(i) The raw material—soling, metal, and sand—obtained 


(a2) by purchase from existing civil resources, 

(6) by direct labour ; which entailed finding first the quarry, 
then the labour (skilled and unskilled) to work it, and 
lastly the transport to remove the products. 


(ii) Rail transit by train, or trucks attached to a train; including 
unskilled labour to load. 

(iii) A suitable railhead at which to unload, and labour (unskilled). 

(iv) Means (transport and labour) of een punns the material at 
the points required. 

(v) Tools and equipment (rollers, watering carts, etc.) used in 
the work of repair; and finally, 

(vi) Labour (skilled and unskilled) to perform the actual work. 


All these had to be improvised in a system already fully loaded. 
Provision of materials, etc., might well be expected to be one of the 
principal duties, in the mitial stages, of the senior engineer officer 
and his staff, and difficulties were increased by the fact that the 
Engineer-in-Chief was at first supposed to be an advisory officer 
only ; no provision having been made for any ‘“ Works ” between 
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the head of the L. of C. and the firing line. During the first eighteen 
months local resources just sufficed, both as regards material and 
labour. Roads remained good almost to the firing line; they were 
not worn out, and local inhabitants provided the labour for the slight 
repairs necessary. Troops were everywhere lightly distributed. 

The first concentration of large masses of men and animals in 
small areas, and the growth of artillery strength, that marked the 
Battle of the Somme in 1916, intensified all communication and 
transportation problems, and there gradually emerged a series of 
specialized departments—e.g., Railways, Roads, Labour, Engineer 
Stores—which, by the end of the War, had assumed wide proportions 
and absorbed a huge personnel and equipment. 

The lesson of this development is not at once clear. War isa state 
of constant and rapid changes, and the success of most operations of 
war must be proportionate to the adaptability or elasticity of their 
organization. It is for consideration whether departments, such as 
were born of the special conditions of the late War, did actually 
retain sufficient elasticity. The fortresses of Vauban, evolved from 
the soundest principles, failed because the end became obscured in a 
rigid development of the means. There is a similar danger in any 
attempt to construct a departmental organization to deal with the 
varying elements of what, for want of a better title, we term ‘‘ forward 
communications.” No Engineer would desire to contend again with 
the starvation conditions of 1916, but it may be that intelligent study 
and bold anticipation will be found the best insurance against a 
recurrence of such conditions. 

In the succeeding pages a short account is given of work done under 
the following headings :—- 

Tracks. 


Forward Roads (including Railheads). 
Tramways. 


Of the other main constituents of communications, Ratlways were 
at no time under the control of the Engineer-in-Chief, whilst Bridges 
are dealt with in a separate volume. 

In the present section it should be remembered that events in 
France and Flanders only are referred to. 


1 In an article in the Revue Mtlttatre Suisse of March, 1920, on “‘ The Réle of Engineer 
Troops in the World War,”’ the duties undertaken were classified under four main 
heads, the first of which, in order of importance, being given as ‘‘ Construction and 
Destruction of Communications.”’ 


CHAPTER I, 


TRACKS. 


FOR MEN. 


The making and maintenance of cross-country tracks for troops 
was a work of which the importance varied enormously with the 
nature of the ground that was being fought over. 

On the undulating chalk country of Arras and the Somme it was 
usually possible to move across country in almost any direction, 
and it was often unnecessary to lay an actual track. The main 
requisites in this case were careful -preliminary reconnaissance and 
very clear marking of the routes. All sorts of devices were adopted 
for marking, and too much care could never be taken in the way in 
which this was done. Posts, notice boards, or tape-lines were 
commonly used. There was always a danger of light wooden posts 
or boards being damaged by weather, or broken up for firewood ; 
metal boards were sometimes used, but these were much more trouble 
to make and to erect. Where there was a large concentration and 
many tracks, direction. posts and boards needed very clear and 
distinctive marking so as to be easily recognized by the units for 
whose use they were intended. It was remarkable how easily tracks 
could be lost or mistaken in the dark or in the dust and smoke of 
heavy shelling. Tapes only served as a very temporary measure, 
as they soon got obscured by dirt, or buried in the mud. Sometimes, 
for comparatively short distances, a useful expedient was to run a 
tape or line through the eyes of screw pickets, pieces of spun yarn or 
short bits of tape being tied to the line at intervals. For night work 
some Divisions made use of extemporized dark lanterns, but these 
were difficult to keep in working order for any length of time. All 
methods of marking tracks entailed a vast amount of maintenance, 
which had to be regularly done by specially told-off parties. 

In the flat wet country of Flanders, especially on the Ypres front, 
it was usually impossible for troops to move across country off the 
roads or regular tracks; the usual form of track being made of 
standard trench boards, which were often fixed to short trestles or 
piles. Such tracks were only broad enough for men in single file, 
and where there was a lot of traffic it was essential to provide ‘“‘ up ”’ 
and “‘ down ”’ routes ; failing this, regular passing places had to be 
made at intervals, their position being clearly indicated by notice 
boards. Where the ground was sufficiently good it was found 
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preferable to lay the boards on rough transoms buried direct in the 
ground, rather than to raise them on trestles, when there was always 
a danger of men slipping off the track at night ; but in many parts 
of the shell-pitted ground of Flanders a raised causeway on piles or 
trestles was the only practicable means. These trench board tracks 
got very slippery in wet weather or on bad ground, and it was common 
practice to nail wire netting or other material on the boards ; ordinary 
rabbit netting was worse than useless, as it broke up at once and 
only impeded traffic. Light expanded metal did not wear well 
either. A specially stout form of woven wire, No. 8 or No. 10 
S.W.G., was issued for this special purpose, and when carefully stapled 
down lasted very well. 

The maintenance of these trench board tracks in heavily shelled 
areas was one of the most dangerous and unpleasant duties imagin- 
able. During the Passchendaele Battles in the autumn of 1917 this 
was especially so. Experience under these conditions showed that, 
where possible, it was best to lay boards directly on the ground with 
no attachment to either transoms or trestles. This involved a very 
circuitous track, but had the enormous advantage that damage by 
shell fire could be very easily and quickly repaired. The effect of 
anything except a direct hit on loose boards was to lift them up and 
deposit them at a short distance, frequently undamaged, so that the 
replacement of the boards on a fresh alignment was only a matter 
of a few minutes’ work. Plate I shows the details of the standard 
trench board, as manufactured in the Second Army workshops. 
Various modifications were introduced from time to time to facilitate 
handling and transporting, but the simple standard type remained 
practically unchanged from its introduction in the summer of 1915 
to the end of the War, and during the latter stages was made in very 
large quantities at the Base workshops. 

Various patterns of light portable bridges were prepared during 
operations for the passage of Infantry in file over gaps that could not 
be spanned by a trench board. Plates II and III give details of 
standard 10-ft. and 15-ft. bridges. 


For ANIMALS. 


Tracks for pack animals over the broken ground of Flanders 
presented one of the most difficult questions in the whole problem of 
communications : mules especially were difficult to cater for; their 
feet are small and in wet weather readily sink into soft ground. 
Their intelligence also seemed to be as small as their feet, and they 
had an unequalled knack of slipping into inextricable places. Mule 
traffic over trench board track intended for troops was fatal and broke 
it up at once. Various patterns of portable track for mules were 
designed from time to time, but always had the great disadvantage 
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of weight, and were difficult to handle in forward areas. Other 
methods used were :— 


(a) Fascines. These had to be covered with a thick layer of earth, 
or the animals’ feet became caught in them and shoes were 
pulled off. 


(6) Hurdles. Same remarks apply in a modified degree. 

(c) Corduroy, where logs were available, and 

(2) Wooden slabs laid on longitudinal runners. These entailed 
so much work that it was generally better to make a track 
broad enough for wheeled traffic right away. 


The minimum width of raised track required for a single line of 
pack animals was 4 ft. to 5 ft. 

Tramway and light railway tracks always had an attraction for 
men and animals, and it was generally found best to face this and to 
protect the formation by laying a timber track between the rails. 
A pattern that was standardized in one Army is illustrated on 
Plate IV. 

It was noticeable that the regulation pack saddlery in possession 
of Field Companies was very seldom used. On the other hand, many 
original forms of pack were designed to meet special conditions. 
Plate V illustrates a special water-carrier designed in the 4th Canadian 
Division, Plate VI improvised pack saddlery used by the 430th 
Field Company, and Plate VII a special pack attachment for carrying 
barbed wire and pickets, designed by the C.R.E., 61st Division. In 
this same connection may be mentioned mud toboggans used on the 
Somme battlefield towards the end of 1916, and later again used in 
the Ypres salient. These were hauled sometimes by animals, 
sometimes bymen. A pattern designed by the C.R.E., 32nd Division, 
is shown on Plate VIII. 


HORSE-I RANSPORT. 


Cross-country tracks for horse-transport were made not only in 
connection with operations, but also as part of the regular programme 
of dry weather road work. An enormous saving of wear and tear to 
metal roads was effected by making cross-country, dry weather 
tracks alongside, for use by animal drawn transport. On very 
much of the battle front the work entailed was not heavy, and con- 
sisted chiefly of filling in trenches, making gaps through wire, and 
forming ramps on to and off the main roads. The marking of such 
tracks was important, especially of forward operation tracks where 
most of the traffic moved by night. Eighteen feet was an average 
width. Special passages for Artillery were not often necessary ; 
the usual practice was to provide each battery with a certain number 
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of “ standard artillery bridges ” (see Plate IX), and, when the guns 
advanced, these were used to cross trenches or gaps of small span, 
rough work of filling and levelling, where required, being done by 
the artillery personnel themselves. 

Cavalry tracks were prepared for the first time before the Battle 
of Loos and, after that,on a good many occasions. The main 
requirement was a passage to allow cavalry to advance on as wide a 
front as possible. The principal work was removing wire and making 
crossing-places over trenches. The length of track that was usually 
wanted entailed a considerable amount of work, although it was 
generally of a simple nature. 


CHAPTER II. 


FORWARD ROADS. 
GENERAL. 


In the early part of the War the maintenance of metal roads outside 
the battle zone was theoretically the duty of the existing civil organi- 
zations. In France this work was toa certain extent carried on by 
the Department of “ Ponts et Chaussées,”’ but in Belgium no civil 
organization remained, and in the small portion of the country that 
was occupied by the British Second Army all the work had to be 
arranged for by the Chief Engineer. 

As time went on, and labour became scarcer in France, this became 
more and more a condition of affairs in the Army zones in France as 
well as in Belgium. 

Two distinct types of road had to be dealt with—the ordinary 
metalled road, and the “ pavé,”’ which formed such a feature in the 
main communications of Flanders. The maintenance of “ pavé’”’ 
required specially skilled men. Fortunately a certain number were 
available among the Belgian refugees, and as early as the winter of 
Ig14 gangs of these were formed under Chief Engineers of Corps. 
Early in 1915 a few Field Engineers became available, and in nearly 
every Corps one of these was appointed Roads Officer. A little 
later R.E. and other Labour Battalions began to arrive, and so a 
regular roads organization was built up under Chief Engineers of 
Corps ; and finally during 1915 a definite boundary line was drawn, 
in front of which the British Army accepted sole responsibility for 
road maintenance, with the exception of certain “ Artéres Princi- 
pales,”” which were still in theory, though not always in practice, 
maintained by the French civil authorities. 

There was great difficulty in obtaining a sufficiency of technical 
equipment, road rollers especially being hard to obtain ; however, 
at this time traffic on roads was not excessive, and os on an 
extensive scale were not often wanted. 

The original R.E. Labour Battalions contained a number of 
skilled road workers, and the officers were for the most part qualified 
civil engineers. The Infantry Labour Battalions on the other hand 
required an immense amount of training and supetntendente before 
they could be relied on for satisfactory work.. 

In different parts of the country great assistance was given by the 
French roads officials in arranging demonstrations and in giving 
instruction in French methods of road maintenance. These methods 
differed considerably from the British practice in many points of 
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detail. The roads of Northern France were for the most part laid 
on a very slight foundation, the whole measure of their success 
depending on the preservation of the surface. With the light traffic 
that was usual in peace time it was comparatively easy for very small 
parties of men to maintain long stretches of road, but this, of course, 
entailed a high degree of skill and initiative on the part of the indivi- 
dual workers. 

It was always a subject of much criticism that the British military 
road workers were employed in very large numbers compared with 
the French, but this was tmevitable. 

Drainage is a matter of the highest importance during rainy seasons, 

and it was remarkable how difficult it was to get this work properly 
- done. It was always noticeable that when the French undertook 
the repair of a road that had been neglected for some time they 
began operations by clearing the side drains or digging new ones 
where necessary, and then removing all mud and sludge from the 
road surface before any actual road repairs were started. 

During the preparatory work for the Battle of the Somme in the 
spring of 1916 a card (linen-backed) illustrating a few simple maxims 
in road repair and drainage was prepared for the Chief Engineer, 
Fourth Army, by the “‘ Ponts et Chaussées,” and copies of this were 
issued in large quantities to all troops employed on the roads. A copy 
is given on Plate X. Difficulties multiplied rapidly with the increas- 
ing concentration of troops and heavy artillery ; main roads that had 
previously seemed equal to all traffic disappeared completely under 
the unceasing stream of heavy mechanical transport, and when a 
heavy rain came on during the first weeks of the battle, both Fourth 
and Fifth Armies found themselves faced by conditions that were 
quite indescribable. Once the surface of a road had given way, 
enormous holes would soon appear, and it was quite a common sight 
in the autumn of 1916 to see a loaded lorry sunk in the centre of a 
broad main road to well above the axles. 


RoapD METAL. 


The supply and distribution of road metal was always a source of 
anxiety. When the main railheads were being laid out in prepara- 
tion for the Battle of the Somme, it was recognized that special 
provision must be made for off-loading trains of road metal, and space 
was invariably set aside for this purpose ; but the huge number of 
trains that was required for the regular transport of supplies and 
ammunition, in addition to the constant tactical moves of troops, 
blocked the railways to such an extent that stone trains became 
increasingly irregular, and discharge of stone correspondingly diffi- 
cult ; similarly the distribution of stone along roads which required 
repair was terribly hampered by the constant traffic along the roads, 
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and by the distance from the railheads at which stone could be dis- 
charged. The ideal, of course, was to bring stone by train to sufficient 
points to enable the distribution on the roads to be done by horse 
transport, but actually the pressure of ammunition supply was so 
tremendous that stone trains were confined to a very few railheads, 
from which distribution had necessarily to be made by lorries; and 
it is quite an open question whether the stone carried on these lorries 
did more than repair the actual damage done by the lorries in dis- 
tributing the stone. 

Under these conditions there was naturally an increasing shortage 
of special equipment. Water carts had to be improvised as best 
they could; stone forks, road rammers, mud scrapers, etc., were 
dependent on local manufacture or purchase, and soon became 
unobtainable, whilst the number of rollers, both steam and petrol, 
was never more than a small fraction of what was necessary. When 
the newly formed Fifth Army took over its area on the Somme, only 
five rollers were available for the whole Army area, and of these two 
were hopelessly out of order. To quote from a report by the Chief 
Engineer, Fifth Army: “ In fact, in the orgy of ammunition produc- 
tion that was in progress in England, the necessity for ensuring means 
of transporting the ammunition to the guns appeared to be tem- 
porarily overlooked.” 

The constant changes in the tactical situation involving move- 
ments of Corps and Divisions, and constant changes in boundaries 
between formations, made continuity of work, which was so abso- 
lutely essential for road maintenance, a difficult problem. An effort 
was made to overcome this by telling off Companies of Labour 
Battalions to definite lengths of road. The Corps, in whose area 
for the time being the Headquarters of the unit concerned was 
situated, was made responsible for the work on the roads allotted 
to that unit irrespective of changes in Corps areas. The scheme 
naturally met with considerable opposition at first, and it needed 
much persistence to get it given a fair trial. Although at first 
changes were unavoidable, it gradually became recognized as the only 
logical system, and as labour units began to know their areas, and to 
recognize their responsibility for definite roads, a distinct improve- 
ment in work became noticeable. Plate XI is a copy of a road map, 
showing the distribution of labour units in one Corps, Fifth Army, in 
November, 1916. In the original plan the roads allotted to each 
Company were coloured differently so as to be more easily recognized. 


ARMY Roaps STAFF, SCHEMES, ETC. 


The way in which a fortuitous roads organization had grown up 
under Chief Engineers of Corps has already been explained. 
A Chief Engineer of an Army had no special road staff, and it was 
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only towards the end of 1916 that the necessity for a Roads Officer 
under the Chief Engineer of an Army was officially recognized. In 
addition to the current needs of Corps and Army it was necessary 
to accumulate forward dumps of metal for the use .of Divisions as 
they advanced over the devastated country east of the Ancre. 
Schemes were carefully worked out in detail ahead, showing the 
order of priority for repair of forward roads, the amount of material 
required, and the position for dumps of metal or planks ; but it was 
rarely possible actually to form these dumps, and the supply was 
continually from hand to mouth. 

The amount of metal required by the Fourth and Fifth Armies 
increased enormously during the battle, and the allotments made 
to the Fifth Army by the ‘‘ Sous-Commission Centrale ” actually 
rose from 300 tons daily in July, 1916, to 2,400 in November ; but 
owing to railway congestion seldom more than half this amount 
was received. Once again to quote the Chief Engineer, Fifth Army— 
“ Looking back at this period it seems impossible that the roads 
should have been kept open at all and the advance not have been 
summarily stopped. When the Transportation Department was 
formed at the end of 1916, as far as memory serves, the one officer 
on the Chief Engineer’s staff was replaced by five officers, six clerks, 
and three motor cars, with other personnel and material in propor- 
tion. Perhaps this offers the best testimonial to the work that was 
achieved on the Somme.” 

The establishment of a Roads Directorate under the Director- 
General of Transportation relieved Chief Engineers of a considerable 
part of their difficulties in connection with roads, although an im- 
mense amount of work still had to be done during the advances of 
1917 and 1918. 

The Transportation Department was organized very much upon 
peace lines, and was not intended to deal with work in the actual 
battle zone; but, relieved of anxiety as regards roads behind the 
battle zone, Chief Engineers had a distinctly simpler task in dealing 
with forward roads. 

There was, however, a corresponding disadvantage in the presence 
of two authorities side by side, the dividing line between their 
respective spheres of influence being always difficult to define. In 
periods of trench warfare the line was a fixed one, but in moving 
operations, which involved a constantly changing line, the drawbacks 
of the system became very obvious. Reports from practically every 
Chief Engineer of Corps or Armies engaged in the final advance drew 
attention to the difficulties of divided control in the maintenance of 
communications. 

During the retirement of the Germans to the Hindenburg line 
early in 1917 an immense amount of work had to be done, requiring 
in many cases the employment of the greater part of the R.E. and 
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Pioneers of Divisions in addition to very large Infantry working 
parties. During the period 25th March to 15th April one Division 
alone reported that, in addition to filling or bridging between forty 
and fifty large road craters, 35 miles of road were constantly main- 
tained and kept open for traffic. It would have been quite imposs- 
ible to keep pace with the advance, had not most of the R.E. and 
Pioneers been available for this work 


TIMBER ROADS. 


The use of timber in the construction of forward roads was strongly 
advocated by the Canadian Corps during the Somme Battle. Rapidity 
of construction and durability were the main advantages, and 
these were soon recognized by everyone who had the opportunity of 
testing them; but for a considerable time neither the supply of 
timber nor transport facilities were equal to providing anything like 
a sufficiency of this material. Timber in various forms such as 
slabs, sleepers, or corduroy, was used at times, but a form of slab 
road was gradually standardized, and, as the resources of the Forestry 
Directorate expanded, production for road purposes was practically 
confined to beech slabs 2} in. to 4 in. thick and 10 feet in length. 
A considerable supply of these was sent to the Second Army before 
the Battle of Messines, and from experience gained in that battle 
definite rules were laid down for the construction of slab roads, which 
were generally conformed to for the rest of the War. 

In preparation for the attack east of Ypres on 31st July, 1917, a 
programme of the roads to be made was prepared,and R.E. units were 
told off prior to zero day to definite tasks. Each Corps was supplied 
with about 30,000 road slabs and 10 tons of 6-in. wire nails. As this 
attack met with only partial success, the roads programme could 
not be completed. 

Again, during the series of attacks that led to the capture of the 
Passchendaele Ridge an enormous amount of work was done in the 
laying of new plank roads, the principal of which led from Voormezeele 
to Zillebeke and eastwards through Sanctuary Wood, and North of 
Bellewaarde Lake. This work was carried out with the greatest 
difficulty under constant shell-fire, and very heavy casualties were 
suffered both by R.E. and Pioneer Units, and by their Infantry 
carrying parties. The area east of Ypres had become by this time 
absolutely impassable except by the roads. It followed that all 
heavy artillery positions had to be on or close to the roads, which 
immediately became targets for heavy hostile shelling. Names such 
as Warrington Road, Plumer Drive, and Glencorse Lane, will not 
soon be forgotten either by those who made and maintained the roads, 
or those who used them during the autumn of 1917. Plate XII 
shows the roads in the X Corps area in Sept.—Oct., 1917. 
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When the Second Army started, in conjunction with the Belgian 
Army, on its final advance in September, 1918, all roads over the 
cratered area had been completely destroyed, and all available 
troops—Pioneer Battalions, Field, Tunnelling, Army Troops, and 
Labour Companies—had to be concentrated on them. Slabs had 
previously been. collected at forward dumps in very large quantities, 
and all transport that could be obtained was employed in taking them 
to the working parties. Over 100,000 road slabs were used, as well 
as a great deal of road metal and gravel. Once the cratered area 
was passed, t.e., on the east side of the Passchendaele Ridge, roads 
were found to be in excellent condition. 


RULES FOR THE CONSTRUCTION OF SLAB RoaDs. 

The road to be made might be :— 

(a2) Definitely and permanently a single-way track. 

(b) A single-way track to be doubled at leisure. 

(c) A double-way track from the start (it might possibly be 
advisable to lay two single-way tracks a short distance 
apart). : : 

The standard slabs being ro ft. long, a single-way track was 10 ft. 

wide, a double-way track 20 ft. wide. 

The beech slabs provided a hard-wearing surface, but, as in the 
case of metal or any other roads, a sound foundation and proper 
drainage were also essential. Foundations were usually made of 
timber baulks and sleepers, which had the effect of spreading the 
weight of the traffic and acted lke a raft. In swampy ground a 
close layer of fascines was sometimes laid first of all in the same 
direction as the sleepers, v7z., across the road, the sleepers then were 
squeezed in between the fascines and ensured the runners having a 
continuous smooth bearing on the fascines. On hard ground or for 
light traffic sleepers could be omitted, but never the runners. Fascines 
were sometimes substituted for sleepers, but could not take the place 
of the runners. 

Many of the earlier plank roads failed through insufficient atten- 
tion being paid to the foundation. 

Drainage was usually ensured by building up the roadway above 
the general level of the ground and by cutting side drains. In the 
case of a double-track, surface water was thrown off by raising the 
centre of the road. 

The first rules laid down after Messines stated that no camber 
should be provided in a double track. Subsequent experience 
proved this to be wrong, and it was usual to lay the slabs at such a 
slope as to allow for initial camber of 4 in. to 6 in., which was reduced. 
by traffic to 2 in. to 3 in. Curbs or ribbons on the outside of the 
track were essential. In the earlier days it was customary to spike 
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a ribbon also down the centre of a double track, but this was found 
to be a mistake, and was given up. It invariably got broken and also 
prevented three lines of traffic, which were otherwise possible. 
Ribbons were usually about 6 in. square or round. The process of 
construction was laid down as follows (see Plate XIII, Fig. 1) :— 


(1) Peg out centre line. 

(2) Mark outside drains. 

(3) Excavate and throw earth in centre of the road and ram; 
drains to be deep enough to drain the earth formation. 

(4) Excavate for the outer ends of the sleepers. 

(5) Lay the sleepers at the proper slope for camber. If there is 
not enough timber to lay sleepers throughout, reserve 
what is available for the worst spots. Fill in between with 
earth and ram. 

(6) Lay the runners and dog the two centre ones together. Spike 
two runners to the sleepers, augering the holes for the spikes 
to prevent splaying: fill in between runners with earth 
and ram. Lay slabs close (with corduroy, round side upper- 
most) ; auger the holes and spike to every runner. 

(7) Lay the ribbons with a gap of 1 ft. at each end to let water 
run away ; auger the holes and spike or dog to the corduroy 
and pickets. 

(8) Pickets should be fixed when the runners are laid, but may be 
added later. 


Earth berms were necessary both to preserve the side drains and 
to permit of the passage of foot and rider traffic. At least 4-ft. width 
was necessary. 

When speed of construction was the first consideration, a good deal 
of time could be saved by nailing instead of spiking, but this never 
made a satisfactory permanent job, and it was always necessary to 
have a party following behind with augers to complete the spiking. 
The rate of construction varied so greatly according to circumstances 
that it is almost impossible to give any useful figures. One C.R.E., 
with extensive experience on the Ypres front, estimated that, as a 
very rough rule, in broken and shelled ground Pioneers could make 
formation, drain and lay single slab road at a rate of one yard per 
man per day, with an additional carrying party of four men per 
Pioneer delivering one slab per man at the road head. The ruling 
factor was the supply of slabs, which required the most careful 
organization. Man-handling over bad ground was a terribly slow 
process, and it generally paid to lay a tramline from the light railway 
terminus. 

When laying a 20-ft. road, it was found a good plan to make the 
formation full width from the start, but to lay a single track along it 
first, the other half of the formation being available for a tramline. 
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ROAD CRATERS. 


Whenever the enemy retired, he blew a very large number of craters 
in main roads and at road junctions or crossings. These were first 
met with at the beginning of 1917, and involved a considerable 
amount of labour, though it is doubtful whether the results were 
ever commensurate with the time and material that must have been 
used by the enemy in their formation. The method of repair depended 
on local conditions, such as facility of obtaining wood for corduroy- 
ing, brick for soling, etc.; but,as a general principle, if the crater was 
of moderate size it was quicker to fill it in at once, material for road 
formation being collected meanwhile. It is difficult to fix a limit of 
size for this method, but as a very rough rule a crater 60 ft. in diameter 
at ground level and 20 ft. deep required about 400 men tasks (say in 
four reliefs of four hours, first reliefs having smaller number of men), 
and with about §0 barrows and planks for last two reliefs. This was 
exclusive of collection of material and formation of roadway. In 
the case of large craters it was found quicker to make diversions 
round them for immediate traffic, pending filling in for permanent 
use ; in fact, in many cases, where the curve of the diversion did not 
form any serious hindrance to traffic, the final filling in of the crater 
was not done till many months afterwards. The most important 
rule in laying out diversions was to keep them well clear of the general 
limits of the thrown-up soil. All sorts of different methods were 
tried in filling craters ; a good method was as follows :— 

(1) Remove all sludge and water. 

_ (2) Fill to within 1 ft. 6 in. or 2 ft. of the surface with alternate 
courses of sandbags and rammed dry earth; or fill with 
rammed dry chalk. 

_ (3) Then lay a slab roadway, as already described. 

The great difficulty was to get rid of the water in the crater, and 
to find material for dry filling. If this was not forthcoming, the 
filling could never be satisfactory, and continual subsidence went on. 
A common mistake was to put all the hard material at the bottom 
and so have to finish up with soft filling near the top; exactly the 
reverse was found to be the correct method. 

Shell holes in roads needed very similar treatment to small craters. 
The first thing to be done was to cut out the hole (A) (Plate XIII, 
Fig. 2) and make it like (B), ramming the bottom of the hole. The 
shell hole was then filled with sandbags laid properly, and on the top 
of the sandbags the roadway was made in the usual way. If the shell 
hole had water init,it was necessary to pump it dry before beginning 
to fill. 

The means of forming road craters were studied, and various 
instructions issued, but they were never actually made in any with- 
drawal of the British line, as a subsequent advance over the same 
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ground always had to be borne in mind. The results of experiments 
and investigation showed that the minimum charge of ammonal or 
blastine to make a good obstacle would be 500 lbs. at a depth of 15 ft. 
This would form a crater 43 ft. in diameter and 9g ft. deep, taking no 
account of the rim thrown up. In chalk or good ground a small 
shaft, either vertical or inclined, could be sunk from the side of the 
road, or a gallery run in from an adjacent cellar. Time required 
for this work would be roughly one day. Laying and tamping the 
charge, when required, was estimated to take two to three hours. 
In bad ground, where the time taken in sinking would be prohibitive, 
it was suggested that the charge be laid in six earth auger bore-holes, 
in which case a 600 lb. charge was recommended on account of its 
dispersal and indifferent tamping. (Plate XIII, Fig. 3). 


RAILHEADS. 


The subject of Railheads may be properly dealt with under Roads, 
as the work that had to be done by Chief Engineers was almost 
entirely road work. This work was practically confined to the year 
1916, in preparation for, and in the course of, the Battle of the Somme. 
Before this time the need had not arisen, and after 1916 the Trans- 
portation Directorate took over the whole service. A number of 
special railheads had to be made by the Chief Engineer, Fourth Army, 
before the Somme Battle, most of these being allotted for some 
specific duty, e.g., Ammunition, Supplies, R.E. Stores. Troop trains 
were normally dealt with at Supply railheads, whilst stone sidings 
might be made at any of them. Some space for stone was practically 
always provided at Supply railheads, and generally at R.E. Stores 
sidings, less often at Ammunition railheads. The space provided 
soon proved insufficient, as demands increased ; also the actual rail 
siding used was generally the same as that for Supply trains, and so 
the arrival of stone would be dependent on the punctuality of Supply 
trains. Ata very early stage in the battle over-congestion completely 
upset time-tables, and consequently working parties waiting to unload 
stone were often kept waiting for hours, and much time and labour 
were unavoidably lost. 

In every case the large metalled cour was the principal work 
that had to be done under Chief Engineers, and a regular type plan 
was generally adhered to, of which Plate XIV gives a good example. 
In this case the space set aside for unloading stone is shown shaded. 
Supply trains used the same siding, but discharged on to the metalled 
cour. A cour of these dimensions required not far short of 10,000 
tons of material, or roughly 20 complete train loads ; besides which 
a certain amount of approach work was always involved. Towards 
the end of the battle, sleeper cours were laid, with a great saving of 
weight of material, time, and labour ; but it was not till some time 
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later that the timber supply allowed of this being done on a great 
scale. 

During the autumn of 1916 several completely new railheads were 
made under the Chief Engineers of various Corps, in several cases 
close up to the front and under considerable shell-fire, so as to avoid 
delay after the line had advanced. Perhaps the most important of 
these was at Aveluy, just north of Albert, where, in addition to large 
Supply and Engineer railheads, an important trans-shipping station 
to the 60-cm. systems was made. Two principal lessons remained 
clear from this troublous period ; first, that in concentration areas 
separate railheads are necessary to deal with the three principal forms 
of traffic, Ammunition, Supplies and Troops, Engineer Stores; and 
secondly that facilities for unloading stone should be provided at 
every railhead, separate rail-sidings, as well as cour space, being needed 
in each case. 


CHAPTER ITI. 
TRAMWAYS ORGANIZATION. 
Earty Days. 


EARLY in 1915 trench tramways began to be constructed in Divisional 
areas by Field Companies. 

As the amount of material required for trench maintenance in- 
creased, the necessity for these tramlines became greater, and from 
being at first isolated lines, generally run under Brigade arrangements, 
they gradually developed into Divisional and even Corps systems. 

The steady expansion that was going on at this time in the Army, 
and the constant change of front and of units holding the front, made 
continuity of policy almost impossible, and it was only in very rare 
cases that a properly organized system could be constructed and 
operated for any length of time. 

The Indian Corps, which remained for some time in one area north 
of the La Bassée Canal, had perhaps the best example of a properly 
organized system under the control of the Corps Chief Engineer, but 
such cases were very rare, and usually lines laid by one Division 
were abandoned or relaid at every Divisional relief. 

Supplies of track equipment, rolling stock, and tools were difficult 
to obtain, in fact they were at first almost entirely locally manufac- 
tured. 

Towards the end of 1916 the necessity for more centralized control 
had become very apparent, and at a conference held at the office of 
the Engineer-in-Chief it was decided to proceed with the Oigenizanon 
of Army Tramway Companies. 


ARMY TRAMWAYS. 


Nine of these Army Tramway Companies were formed in the early 
part of 1917. Each consisted of 3 officers and 109 other ranks, and 
was divided into two half-companies on the assumption that a half- 
company would normally be allotted to one Division in the line. In 
actual practice such allotment proved to be seldom, if ever, feasible. 
No Mobilization Store Table was sanctioned for these Companies, 
and no transport, the lack of transport being a considerable handicap 
m the later days of movable warfare. At the Headquarters of each 
Army an Army Tramway Officer with rank of Major and one clerk 
were provided. The Army Tramway Officer, acting under the orders 
of the Chief Engineer of the Army, was responsible for the general 
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control and co-ordination of work of the Tramway Companies in the 
Army, but in most cases the actual work was done under the 
immediate orders of Chief Engineers of Corps. For a considerable 
time these Companies worked only in g-lb. track, constructing, 
operating, and maintaining push lines and battery and other spurs, 
which were fed by light railways or lorries. Later a limited amount of 
16-lb. track and mechanical tractors were forthcoming, but never in 
sufficient quantity to meet requirements. 

Rolling stock continued to be made mainly in Corps and Army 
workshops. | 

Bad weather conditions and constant enemy artillery fire made 
increasingly difficult the maintenance of forward roads in a condition 
suitable to carry the ever-swelling tonnage of gun ammunition and 
R.E. stores, and so the problem of maintaining light railway com- 
munications to the forward areas became more and more pressing. 
Light railways had been considerably developed since the formation 
of a separate Directorate under the Transportation Department at 
the beginning of 1917, but a climax came during the operations in the 
Ypres Salient in the autumn of 1917, when it was found quite 
impossible for light railways to maintain ballasted lines to carry their 
heavy 10-ton rolling stock in the forward areas, whilst the Army 
Tramway organization had nothing like adequate personnel or equip- 
ment to cope with the tramways that were needed in these areas. 
Other difficulties existed as regards inter-working between light 
railways and tramways. Generally speaking, light railways, as then 
organized, were unable to deal with deliveries in detail to batteries 
and dumps in or beyond the medium artillery zone. Moreover, no 
physical connection was permitted between light railways and tram- 
ways, so that transhipment was always a difficult problem. 


FOREWAYS. 


As the result of experiences in the battles of 1917 a conference was 
held at G.H.Q. at the beginning of November to reconsider the means 
of distribution of stores of all kinds in the forward areas on offensive 
fronts. The general decisions arrived at were that :— 

(a) ‘‘ Transportation ’’ would remain responsible for both bulk 

delivery and distribution up to the medium artillery line 
(roughly 5,000 yards from front line). 

(6) All distribution in front of this line should be undertaken by 
Armies by means of tramways, roads, ropeways, pack 
transport, etc. 

(c) For this forward distribution special units should be formed 
to work under the direction of the Engineer-in-Chief. 

A detailed scheme was immediately worked out in the E.-in-C.’s 

office, and early in January, 1918, proposals were submitted to the 
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C.G.S. outlining the functions of the ‘‘ Forward Transportation ”’ 
(subsequently changed to “‘ Foreway’’) Companies. Accompanying 
this scheme was the following Table, showing the mileage of track 
then open or under construction, personnel employed, and amount 
of traffic. The Table illustrated vividly the difficulties of an impro- 
vised and temporary organization, and the great economy effected 
by a regular unit such as existed only in the Canadian Corps. 


Miles of 


Personnel. 


Track. Tons ‘Personnel {Personnel 
Army. Daily.! per mile. 
Constr. | Skld. | Unskld. 
First ue | 18°5 
XIII Corps... | 21°5 
XV Corps 10°3 
Canadian 17°3 
Portuguese ... 24°5 
18 
Third IV Corps 26°3 
V Corps... 37 
VI Corps 30 
XVII Corps 27 
: 29°3 
Fourth | XIX Corps... 55°6 
II Corps 108 
VIII Corps 148 
XXII Corps 194 
IX Corps... 75 
Australian ... 35°8 
| 68 6-60 
Fifth | VII Corps | 
-— | Not available. 
| Cav. Corps — ; Are opcrated 
XVIII Corps (French) — by 
III Corps (French) —_— French. 
| 
PERSONNEL. 
Army. Miles. | Skld. |Unskld.| Total. | Tons. | Personnel: Personnel 
per mile. | per ton. 
First 157% | 1017 1836 1973 18 1°45 
Third 542 | 300 1300 680 29°3 2°35 
Fourth ... 57 745 3120 585 68 6:60 
2694 | 2062 6256 3238 I 2°58 
Deduct Canadian Corps | 53 548 370 1058 (17°3) (-87) 
Total less _,, sj 2164 | 1514 5886 21389 34°2 3°40 


NotTe.—Men per ton carried by VIII Corps are unusually high owing to a large 
number of unskilled men employed on constructing new lines to Passchen- 


daele. 
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A good deal of discussion ensued, especially as regards the interpre- 
tation of the term “ offensive fronts.’’ As the result of a further 
conference it was decided to omit this term and to establish a frame- 
work of the Foreways organization in each Corps, consisting of A Class 
men, this organization to become r:sponsible for the detailed delivery 
of ammunition from group stations to batteries in the medium 
artillery zone, and of all stores forward of that zone. The scheme 
was proceeded with rapidly, and four men were withdrawn from every 
Field Company in France to help in getting the extra numbers re- 
quired, so that when the great German offensive on the 21st March 
stopped the further progress of the scheme, ten Foreway Companies 
were actually in existence, numbers 1 to 9 being Ex-Tramway Com- 
panies, whilst number 10 was the late 31st Army Troops Company, 
which had been for some time previously employed solely on tramway 
work in the First Army area. 

The difficulty in obtaining additional personnel after the line again 
stabilized practically killed the Foreways organization, and after 
considerable discussion between the Engineer-in-Chief, D.G.T. and 
C.G.S., Foreways were officially merged into Light Railways, and so 
became part of the Transportation organization. 

Detailed instructions were issued to Armies about the middle of 
July under which the control of all mechanically operated lines was 
placed under the D.L.R., who was to be responsible for pushing these 
lines as far forward as possible to meet Divisional requirements. 

A revised establishment of the Light Railways organization was 
approved in August, 1918, and included ten Light Railway (Forward) 
Companies of three sections each, and also a Forward Light Railway 
Training School. The additional personnel required to complete 
these Companies at the School was obtained by disbanding certain 
Light Railway Operating Companies. Discussions as to the correct 
employment of these Companies was still going on at the time of 
the Armistice, the chief point of disagreement being the Transporta- 
tion rule under which construction and operation were divorced, a 
system that did not appear suitable to forward work. 

The Foreways organization was drawn up in an attempt to meet a 
decided want, and although it never came into full operation, so much 
thought and work were devoted to its inception that the intention 
at least seems worthy of record. Details of the scheme, as issued by 
the C.G.S. in February, 1918, together with an instructional memo. 
by the Assistant Engineer-in-Chief (F.W.), are given in Appendix I. 

Whether this organization would have proved satisfactory in 
practice, or whether it would have soon suffered from a similar draw- 
back to the Transportation branches, 1.e., inelasticity, remains a 
subject for conjecture. 


CHAPTER IV. 
TRAMWAYS, OPERATION. 
THE SOMME, ETC. 


AS already explained, Tramway systems during the earlier battles 
and periods of trench warfare were dependent mainly on individual 
effort, and were seldom co-ordinated outside Divisions. Consider- 
able experience was nevertheless gained, and a paper on the subject 
was issued from the Engineer-in-Chief’s office early in 1917 (E.-tn-C. 
Freld-Work Notes No. 22). The whole of this paper will be found in 
Appendix IT. 

During the Battle of the Somme an effort was made by both 
Fourth and Fifth Armies to control the lay-out of lines so as to ensure, 
as far as possible, continuity of work and policy. Asa result, in spite 
of continual changes, not only of Divisions but of complete Corps, a 
reasonably complete network of lines grew up east of the Ancre. 
Work was mostly done under the immediate direction of Corps Chief 
Engineers, the principal lines being the Sausage Valley line, commen- 
ced under the C.E. Australian Corps and subsequently extended to 
Poziéres by the C.E. Canadian Corps, and the Aveluy-Ovillers lines 
under the C.E. II Corps. Plate XV shows the system as it existed 
in the II Corps area in November, 1916. During the whole of this 
period there was a special difficulty in getting a sufficiency of plant 
and rolling stock. At first only g-lb. track could be got. Later 16-Ib. 
was generally used. Rolling stock had to be almost entirely impro- 
vised by the Corps, and for a long time one mechanical tractor only 
was operating on the two lines. As the advance went on, the newly 
formed Light Railways Department took over the systems, when all 
g-lb. and 16-Ib. track was pulled up, and 24-lb. substituted, this being 
the lightest track that was found satisfactory for continuous mechan- 
ical haulage. 

MESSINES, JUNE, I9QI7. 


The following are the details of the tramway scheme in the IX 
Corps, with some remarks by the Corps Chief Engineer. Three lines 
(A, B, and C) were selected for extension as soon after zero hour as 
conditions permitted; the alignment forward was chosen with a 
view to utilizing the enemy lines, which, though destroyed by our 
bombardment, were expected to afford something in the way of forma- 
tion. Prior to operations, considerable portions of each line were 


205 


206 


re-laid with 16-Ib. 60-cm. Decauville in replacement of g-lb. track, 
which was in very bad condition. The intention was that lines, on 
which g-lb. track was replaced by 16-lb., could be used by petrol 
tractors and 3-ton trucks. On A and B lines, which originally ran 
along roads, re-laying with 16-lb. track was carried out on a new 
alignment off, but parallel and close to, the roads. In the case of 
C the line was re-laid along the side of the road. One section of A 
line running along a narrow road, consisting partly of old metre 
gauge converted to 60-cm. and repaired at intervals with 9-lb. Decau- 
ville, was not re-laid ; the locality was subject to a good deal of shell 
fire, and much used by wheeled traffic, so that the line got badly 
damaged every night, and was not considered worth the expenditure 
of good new material. 

Ten days before the attack a Pioneer Battalion was made available 
for work on tramlines. Special instructions and drill for quick track- 
laying were prepared, and the intention was to give the battalion 
several days’ training in the dnll. Actually very little of this could 
be done, as the work of re-laying and maintaining the lines, and 
getting forward material for the extensions, required practically 
the whole of the available time. One Company of Pioneers was 
detailed to each of the lines B and C, and two Companies to line A, 
which was longer than the others and in much worse condition. The 
organization of the forward dumps of material went very well on B 
and C lines, and everything was ready stacked in truck-loads in 
accordance with the instructions. On A line much of the material 
had not reached railhead by the night before zero, owing to con- 
gestion of traffic on the line. 

Each Company was provided with the following for its own 
section of line :— 


4 blue prints, showing the trace to be followed, with enemy trenches 
in detail. Scale r/10,000. 

4 diagrams, showing straights (with magnetic bearings), curves, 
and tangent distance. 

4 longitudinal sections. 

8 copies of instructions for rapid laying. 

4 copies of complete lists of stores. 


Special bridges had been prepared for such streams and trenches as 
appeared likely to require them. Special mats were also issued to 
act as foundation for the formation in bad ground. These are 
described below. For each line a proportion of special tools was 
issued, including a light jim crow, a ratchet drill, hack saws, and 
spiking hammers: the first and last named had to be manufactured 
locally. 

For each line a liaison Officer was attached to the Headquarters 
of the Division attacking on that particular front, so that immediate 
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information might be obtained as to when work could be commenced’ 
Work was actually begun on B and C lines 6 hours and 20 minutes 
after zero; on A line 8 hours 20 minutes after. The available 
numbers did not admit of two reliefs except on A line, and formation 
could not be prepared as fast as the track could have been laid if the 
drill had been carried out. The ground varied considerably. The 
actual work done up to a certain hour on June 7th was :— 


A line (63 hours)— 700 yards pegged out. 


350 ~«,4, ~~ +formation. 
200 ,, _ track laid. 
B line (83 hours)—-1200 yards (7.e., whole line) pegged out. 
: 300 ~«,4, ~+formation. . 


20 .,, ~~ track laid. 
C line (84 hours)— 500 yards pegged out. 

300 ~=~,4, ~+formation. 

275 ~,, ~~ ‘track laid. 


The work was only finally completed on the fifth day after zero, as 
the Pioneer Battalion was withdrawn on the third day and replaced 
by troops who had had no special instruction and took some time to 
pick up the details. 

The Chief Engineer made the following observations in his report 
on the work :— 


(a) Tramline should not be laid on a road used for wheeled traffic. 

(6) For rapid track-laying special training is necessary. If Pioneer 
Battalions cannot be given this as part of their regular 
training, Battalions selected for pushing on tramlines should 
be specially trained for at least a week prior to getting up 
their material and preparing for actual work. 

(c) All Pioneer Officers should be trained to set out a tramline 
from a plan or diagram rapidly. 

(dz) For rapid work, if the line is to exceed 1 mile in length, sufficient 
men must be detailed to provide two reliefs, and there must 
be sufficient men to make the formation in bad ground as 
fast as track can be laid. In heavily shelled ground when 
dry, 400 men will no more than keep pace with the laying 
detachment required to carry out the special instructions. 
In wet ground 800 men would be none too many. With 
these numbers a rate of 1 mile in 6 hours could be attained. 

(ec) Little or no advantage was gained by making for old enemy 
lines. When they were reached practically no formation 
was found, and most of the lines had gradients (against the 
load in our case) too steep to be followed. It would have 
been better to have selected the alignments solely on tactical 
grounds. 
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(f) 9-lb. track is very unsatisfactory except for quite temporary 
lines subject to constant damage by shell fire. 16-lb. track 
is in every way better. 

(g) The number of “‘ turn outs’ normally provided is insufficient 
—eight per mile are required. 

(kh) Spare bolts and nuts should accompany every consignment 
of Decauville track. Special tools should be very liberally 
provided. 


SPECIAL INSTRUCTIONS FOR QUICK TRACK-LAYING. 
(See Plate XVI.) 


1. Laying-Out. Centre line to be marked out on a route previously 
chosen. Three men will be required for this purpose, who will use a 
rope or length of telephone wire of known length up to 330 ft. (marked 
plainly in the middle), to be used for marking straights (Fig. 1). 
First length having been laid out, move a to b and b to c, then set 
in line d, placing a peg at each station. 

2. Forming. All available men should be placed on this work, 
and should be split into gangs as follows :—10 % marking out and 
lining out inner edges of ditches, 6 ft. at least from centre peg on 
each side. Men should then be put to work on the line marked out 
at a distance of 10 feet apart on each side of track, one side having 
one extra man in order to stagger the positions (Fig. 2). 

The spoil from the ditches (Fig. 3) is thrown into the centre of 
track. Six men, evenly spaced, work on the formation, levelling off 
and forming to required width (Fig. 4). 

3. Rail-t aying. The first truck-load of material should be at 
railhead with eight men: two men to lay and space sleepers ; two 
men laying rails and roughly aligning ; two men to fish joints and to 
fasten and spike joint sleepers loosely, if wood sleepers used ; two 
men pushing truck and helping generally until truck is unloaded. 
The men laying sleepers move out first, spacing and laying, the 
rail-layers follow, then the fasteners ; the empty truck is taken off 
the line and the second truck is pushed over newly laid track to new 
railhead and the process repeated. Twomencommence, immediately 
after second truck is started, completing fastening. The six men of 
forward gang change over to this second truck and so on for the 
third and fourth trucks as they reach railhead. The empty trucks 
are pushed back to the base depdt (which should be conveniently 
near present railhead) as soon as the road is clear. In cases where 
an obstruction such as a large shell crater is met, the following method 
of continuing track-laying should be adopted (see Fig. 5). A short 
curve is laid (not fastened) to turn out from the straight (and if 
necessary a Straight length following this), then a reverse curve is 
laid to lead back on a parallel line. The truck-load of rails is then 
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pushed on and the curves pegged up, reversed and placed on the 
other end of the straight to meet the continuation of the original 
line. The truck is then pushed on and track-laying goes on as 
before. Meanwhile the obstruction is filled in or removed. 

4. Straightening and Lifting Gang. A gang of 10 men for straight- 
ening, lifting, and packing under sleepers should follow as soon as 
_ possible, for convenience using crutch of shovel to pack well under 
rail ends of sleepers and to a few inches (about 6 in.) inside rails. 
Ganger in charge should see to the straightening, standing well behind 
and looking along rail and motioning with the arm right or left to 
the men pulling, and each in turn would, with his lifting bar under 
the rail and with a lifting, pushing motion, move track accordingly 
until straight ; this should precede packing. Boxing in between 
sleepers should follow this. 

5. Material required. — 

Decauville rails. 
Sleepers 3 ft. 6 in. x 5 in. x 2 in. 
Dog spikes. 
Fish-plates and bolts. 
Short reverse curves 10 ft., radius 12 ft. 
Bridging material formed of :— 
2 50-lb. rails spiked to two sleepers. Length over all 12 ft. 
3 planks 6 in. x 2 in. for decking spiked to sleepers. 
5 bridges per truck. Total weight, about one ton. 
Tool boxes containing :— 
Hack saws. 
_Spanners. 
Spiking hammers. 
Axes (to be carried by forming gang). 
Box drains I ft. square. 
Wooden pegs. 
Rope or telephone wire. 
Hammers. 
Nails, 2-in. and 3-in. 
6. Distribution by Trucks. — 
Ist truck to carry :-— 
1o sets Decauville track, bolts and fish-plates complete 
(more if possible). 
2 curves reversed. 
25 sleepers. 
50 dog spikes. 
5 spare fish-plates with fifteen bolts. 
25 wooden pegs. 
2nd truck :-— 
Ditto. 


3rd truck :-— 

Ditto, and 

2 box drains to be changed to following truck if necessary. 
4th truck :-— 

Ditto. 

Ditto. 
5th truck :— 

Bridging material, as detailed above. 


7. Mats for use in soft ground. In case soft or pulverized ground 
is encountered, mats will be provided, made of laths and fastened in 
usual road mat fashion, in lengths (size 8 ft. x 2 ft. 6 in.), easily carried 
by one man. A fixed number of these should be stacked ready for 
loading at railhead to be sent on if required. The mats will be laid 
two strips in breadth overlapping g in. ; an overlap of I in. will also 
be made at the junction of the following strips (see Fig. 6). The 
spoil for formation will then be thrown on this bed in the way des- 
cribed in para. 2. 


YPRES, JULY-SEPTEMBER, I9Q17. 


Plate XVII gives a diagram of the tramlines laid under the direction 
of the Chief Engineer Fifth Army in preparation for and after the 
offensive of the 31st July, 1917. 

Four Tramway Companies were allotted to the Army, and the 
first business was to weed out unfit men, who were useless under the 
arduous conditions that had to be encountered. Permanent working 
parties, chiefly drawn from Tunnelling Companies, were attached 
to each Tramway Company. Under Army instructions the réle of 
these Companies was restricted to laying Heavy Artillery feeder lines. 
These lines ran as a rule from a roadside dump, when the batteries 
first moved, and later from Light Railway terminus. The work was 
done under the direction of the Army Tramway Officer, and proved 
of the greatest value to the Heavy Artillery. Up to September 5th 
eighteen miles of g-Ib. track had been laid, over which approximately 
20,000 tons of ammunition were pushed by hand. 

The use of Tramways Companies to assist Divisional Artilleries 
was often advocated, but a Committee, which sat at Army Head- 
quarters to consider the question, came to the definite conclusion 
that the only practicable means of supplying ammunition to field 
batteries in the Ypres salient was by pack animals. The deciding 
factors were :— 

(a) Heavy shelling of all battery positions. 

(6) Labour involved in pushing trucks. Field Artillery could not 

find this. 

(c) Weight of ammunition. 


The pack-horse delivered ammunition at the trail of the gun, 
a position in which no tramline could have existed during the battle. 


2II 


WorkK OF FOREWAY COMPANIES, 1918. 


Although, as already explained, the Foreway organization had 
scarcely any separate existence of its own, a great impetus was none 
the less given to the development of forward tramways during the 
early part of 1918, and immediately the line stabilized after the 
German attacks, an immense amount of work was carried through 
in reconstructing and operating systems in spite of the administrative 
questions that were under discussion. As an example the following 
Table shows the lines that were being operated by two Foreway 
Companies in the First Army area previous to their absorption into 
light railways :— 


MILES OF 60-CM. FOREWAY LINES MECHANICALLY OPERATED. 


No. 10 FOREWAYS. 


MAIN LINE. SIDINGS. 
20-lb. Other Weights. 20-lb. Other Weights. 

Line. (Miles) (Miles) 
Le Préol sa ws» 4.00 — 83 — 
Marais-Labourse w. 2°50 — 1°75 — 
Posen ... 2°56 — — — 
Vermelles-Barts Dump . 2:28 — — —— 
Annequin Sis 3°84 — “15 — 
Sailly-Vermelles jo = 2°90 — 1-84 
15°18 2°90 2°73 1°84 


Total, 18-08 route miles. Total, 22-65 track miles. 


No. 7 FOREWAYS. 


Roclincourt ... ws 2°59 oo 1-42 — 
Bridge ... sie wee 1°35 — — — 
Ridge ... i wee 1°94 — — — 
Hairpin- -Plateau w. 96 — "13 — 
Tyne... ate sh: TTF — -28 — 
Gavrelle ss wx 33°41 — 85 — 
Arleux ... — ... I-00 — — — 
Hairpin sue ooo — “SI — 
Willerval sais en 2-00 — 53 
Sugar ... sa oe Oo I-I4 — — 
Tunnel Loop ... a = I-30 — — 
Bailleul 2 we == 2°27 — — 

12°22 6-71 3°19 53 


Total, 18-93 route miles. Total, 22-65 track miles. 
Grand total, 37-01 route miles. Grand total, 45°30 track miles. 
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Another Tramway Company, which worked mainly for the Third 
Army, estimated that during about one year of existence nearly 200 
miles of tramway were laid and operated, and approximately 55,000 
tons of stores carried. 

The following Table gives in more detail the work done by one 
Foreway Company of the Fifth Army during a week in March, 
1918 :— 


TRAFFIC REPORT. 
For week ending 6 a.m., 15/3/18. 
TRACTOR ROUTES. 


Approx. 
Material Weight, No. of trucks 
carried. tons. employed. 


Material for Special Cos., 


B. Stores (T.M. Bombs) 
Salvage 
Ballast 


R.E. Stores (for Company 
use) via wale Sia 


Total tonnage ss | 44°6 Total mileage. 


Ton mileage of tractor-drawn traffic, 5,463°5 ton miles. 

Average number of men employed per ton-mile, 18. (Includes 
loading and unloading at dump.) 

Tractor: Track miles operated by No. 6 F.W. Company, 9°25 
miles. 

Number of tractors in operation, 4. 

Number of trucks 1n operation, 35. 

Push routes operated by No. 6 F.W. Company, 1,000 yards. 

215 tons of ammunition were carried on push truck routes. 


CHAPTER V. 
TRAMWAYS, TRACK AND MECHANICAL EQUIPMENT. 
GENERAL EQUIPMENT. 


It has already been stated that for a long time most of the Tramways 
equipment had to be manufactured locally in R.E. workshops. 

(Illustrations of various trucks are given on the Plates that are 
attached to Appendix II.) 

The provision of equipment became gradually more regularized 
after the formation of Army Tramway Companies, but at the begin- 
ning of 1918 there was still only a total of 50 mechanical tractors in 
operation on the whole front. With the inception of the Foreways 
organization an order was at once placed for 400 additional tractors, 
based on an estimate of 300 miles of track being operated; anda 
fairly definite state of standardization was gradually arrived at. 

The following notes were drawn up in the Foreways office at G.H.Q. : 


As used by Foreways, the general equipment consisted of the 
following :— | 


60-cm. track, 9 lb. and 20 Ib. per yard. 

Monorails. 

Timber raft track and mule walk. 

Ropeways——*‘ Leeming ’”’ and “‘ Hamilton” systems. 


Manufacture. 
Tractors—2o0-h.p. Simplex tractors... ... English. 
10-h.p. McEwan & Pratt tractors ... + 
Crewe Ford tractors ... a2 oi, 3 
Trucks— 3-ton 4-wheel box trucks _... ... English. 
I-ton ration wagons 
Van Ness trucks — 2s ... Local. 
Various Army pattern trucks sei 5 
Calais pattern push trucks ... Mar, ods 
Dollé-Chaubey push trucks ... ... French. 
Monorail trucks ak sez ... English. 


Experiments were also carried out with the following :— 


“ Rugeroni ’”’ raft track. 
Fresco Faure turning-plate. 
Nissen mud punts. 
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TRACK, 9-LB. 


This was the original W.O. track, the design of which has not been 
altered since first it was brought into use with the B.E.F. This type 
of track was used for laying short isolated lines and battery feeders, 
and in very few cases were g-lb. lines or spurs connected to the light 
railway system with a physical connection. Considerable quantities 
of this type of track were supplied to miscellaneous works, such as 
quarries, concrete factories, saw mills, dumps, etc. 

The main drawback in its design was the method of jointing two 
adjacent rails, which caused delays in laying unless it was very care- 
fully assembled and laid with the correct number of curve lengths. 

The quantity of this track ordered during the period that it was 
handled by Foreways, was a standing order of 50 miles monthly, but 
deliveries came to about 40 miles monthly, and issues very nearly 
came up to this quantity. Details of the composition of this track 
are given in Appendix III, Tables D, E, and F. 


THEAKSTON CLAW JOINT 9-LB. TRACK. 


This was not actually put into general use, but supplies arrived 
in the country within a few weeks of the termination of Foreways 
existence as a construction organization. It was designed with the 
dual purpose of getting over the difficulty mentioned in the preceding 
paragraph and to save steel, due to the scarcity of this material. 

Ten miles of this track were sent to France, but no actual tests 
were made other than at the Training School. These proved satis- 
factory, with the exception that with rough handling the distance 
rods broke at the shoulder. 


TRACK, 20-LB. 


This track equipment was the standard War Office type composed. 
of B.S. flat bottom rails weighing 20 lbs. per yard, these being joined 
by a bar fish-plate, with four fish-bolts, and supported by pressed 
steel sleepers, to which the rails are clipped. The normal con- 
sumption of this track by Foreways was 40 miles per month ; details 
of the composition are given in Appendix III, Tables A, B, and C. 
Type A consists of 1,682 steel sleepers and 1,288 wood ties per mile 
of track, and was only used in special cases where the standard steel 
sleeper did not give sufficient bearing and grip on the road bed, as 
in swampy, water-logged country. Type B consists of all-steel sleepers 
(2,970 per mile), and about go % of the track laid was with this type. 
It was not until the middle of 1918 that turn-tables for this track 
were available, and a few of these were put in use in special lay-outs 
as in large workshops; this turn-table was 5 ft. in diam., and designed 
for a load of 34 tons, and would turn 20-h.p. tractors and all rolling 
stock except bogies. 
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MONORAIL TRACK. 


A considerable number of monorail trucks were available, and 
many were issued to Armies, these being invariably run on 0-60 metre 
track ; some attempts were made to construct monorail track by 
means of spiking g-lb. rails down to short wooden sleepers. This 
arrangement did not give very satisfactory results, especially at the 
joints, and it was therefore decided to use special steel monorail 
sleepers in conjunction with the Theakston Claw Joint described in 
a preceding paragraph, 10,000 (six miles) were ordered on Septem- 
ber 4th, 1918, but before any could be delivered it was decided to 
cancel the indent, owing to the Armistice. 


TIMBER RAFT TRACK. 


In bad, muddy country a timber raft track (Plate X VIII), consisting 
of practically a continuous raftway, was tried with good results ; but 
owing to its weight and the large quantity of timber employed, 
Rugeroni raft track was ordered (sce page 218). 


MuLE WALK. 


In order that animals might be used to draw trucks in the forward 
areas, without damage to the track, special wood mule walk was 
employed with good results. (Plate XIX). 


LEEMING ROPEWAY. 


This ropeway was issued to the Special Companies, R.E., for the 
transportation of gas cylinders to the front lines, but considerable 
amount of training was done with this equipment, and each Fore- 
ways Company was issued with half a mile of ropeway complete with 
petrol-electric generator and haulage winch. However, before they 
had an opportunity to put them into use in the forward areas, the 
War ended and the equipment was returned to Depot. There were 
then 20 miles of this ropeway in stock. It remains a matter of con- 
jecture as to how far this power-driven ropeway could be utilized 
in the forward areas, on an active front. 


HAMILTON PORTABLE ROPEWAY. 


This ropeway was received in the later months of 1918, and was 
put to a number of uses with satisfactory results, there being at the 
end of 1918 32 miles available for issue. Several developments 
were experimented with, and some with very satisfactory results, 
and had this appliance been required, some new features would have 
been incorporated as part of the equipment. 

A satisfactory terminal was constructed for hand operation, and 
the standard equipment was adapted to power haulage. 
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20-H.P. SIMPLEX TRACTOR. 


This tractor was found to be the most reliable as a power unit. 
It was found to be easy to drive and simple to look after. One of 
the drawbacks was that the driver was exposed to the weather and 
the effects of enemy shell fire, and a protected hood was designed to 
cover the tractor and protect the driver. 520 of these hoods were 
ordered, but none were supplied up to November, 1918. 

A 20-h.p. Simplex tractor will draw six or eight of the 3-ton wagons 
loaded, over the usual grades of about 2-34 %. It would be safer 
and more efficient, from the tonnage point of view, for the tractor to 
be geared lower on top, the speed being lower and the loads bigger. 
It would also be an advantage to have an emergency footbrake as — 
well as the handwheel brake, to check the speed suddenly, as very 
often the speed of the tractor could not be checked quickly enough 
with the handwheel brake, especially when travelling in the dark, 
or proceeding with caution over unknown country. 

Weight in full working order— 


1-925 tons... .... Adhesive force 1,193 lb. 
Weight with additional weights— 

2:225 tons... ... Adhesive force 1,394 lb. 

2°500_ ,, sas i: e » 1,501 ,, 

2°800 __,, ee ee ; ‘ss 1,650 _,, 


The range of speed is from four to 15 miles per hour, the normal 
speed being about 10 miles per hour. 


Petrol consumption—:3 gallons per mile. 
Lubricating oil—13 pints per 100 miles. 


McEwAn & PRATT I10-H.p. TRACTOR. 


This tractor was designed to run on g-lb. track, but it was found 
that, although the tractor would run on g-lb. track, the track was not 
satisfactory for mechanical haulage. 

This tractor was not found so satisfactory as the 20-h.p. tractor, 
the power not being sufficient, and, owing to the small fly-wheel, it 
had not sufficient starting power for ordinary loads. The difficulty 
of operating the brake and clutch was also a drawback. These 
tractors appeared to take sharper curves than the 20-h.p. tractor, 
however, and were very satisfactory in shunting work in large 
workshops, under skilled supervision and with light loads. 


Weight in working order—1 ton 17 cwt. 3 qrs. 
Tractive force—655 lb. 
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CREWE FORD TRACTORS. 


This was an adaptation of the ordinary Ford car for use as a 60- 
cm. rail truck. The construction of the rail chassis was carried out 
at the Crewe workshops of the L. & N.W. Railway. When desired, 
the Ford car could be removed from the 60-cm. rail chassis and put 
on its road wheels, when the tractor became a Ford box car. Asa 
tractor it was not much use, for various reasons, but was very useful 
for permanent-way inspection purposes, and for carrying small work- 
ing parties. 

Weight in working order—18 cwt. 


3-TON Box WAGoNn. 


This 4-wheeled truck was found very useful for Foreway work, 45 
being used by Foreways. 


Maximum load on ane ... 3 tons 12 cwt. 
Tare ... oes oe ae da 18 cwt. 
Total se ve ... 4 tons I0 cwt. 


Capacity—43 cub. feet. Floor area—z4 sq. feet. 


I-TON RATION WAGON. 


This truck was designed at the commencement of the Foreways 
organization either for mechanical haulage or for use as a push truck. 
The springs of the wagons first gave trouble, and they were increased 
from 3-in. diam. steel to yg-in. diam., and then to }-in. diam., but 
beyond this original drawback the truck seemed exceedingly satis- 
factory. Some trouble was caused by the noise made by a train of 
these trucks, a great drawback in the forward area; but with 
stronger springs and heavier wheels the noise was not so great. The 
ends of the trucks were adapted to hold stretchers, in the later types, 
and a good many trucks were used for ambulance work in the Nieppe 
Forest. Four stretchers could be carried on each truck. The sides 
and ends were detachable, when it became a flat truck. 


Load—1r ton. Capacity—38 cub. ft. 
Tare—8 cwt. Floor area—z206 sq. ft. 


VAN NEss PusH TRUCKS. 


These trucks were made at R.E. Base Workshops. The truck, 
which was fitted with ends but no sides, would carry two tons, and 
the ends were adapted to take stretchers. A drawbar and buffers 
were fitted for use with mechanical traction if necessary. This 
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truck was a combination of the virtues of the various trucks turned 
out at the Army Workshops, and was found to be more satisfactory 
than any of them. It was very similar to that illustrated in 
Appendix II, Plate ITI, being slightly strengthened and improved. 


CALAIS PATTERN PuSH TRUCKS. 


This was a flat push truck of simple design to carry one ton. They 
were used extensively by all Armies, about 60 per month being turned 
out at Base Workshops, but this quantity did not sometimes meet 
requirements. This truck is illustrated on Plate XX. 


ce 
DoLLE-CHAUBEY TRUCKS. 


These trucks, made by a French firm, were of similar pattern to the 
Calais truck, but were lighter and fitted with roller bearings, and were 
thus much easier to push. About 200 were used altogether. This 
type was found very useful for carrying bombs, etc., in ammunition 
dumps. 


MONORAIL TRUCKS. 


This truck was designed for use as a battery feeder, and for several 
services in carrying material to short distances from and beyond 
the 60-cm. main line, such as making concrete pill-boxes, etc. The 
truck ran on two wheels and was balanced by a man supporting a 
balancing bar of I-in. galvanized gas pipe, or two men, one on each 
side of the truck. It carried about $ ton and would run satisfactorily 
on an ordinary 9-lb. rail, spiked on small wood sleepers. The g-lb. 
track could be put down very rapidly without any levelling of the 
ground. Good results were obtained where the system was put into 
use. It was found it would be possible to load three of these trucks 
up in the back area and place them already loaded on to a Van Ness 
truck, from which they could be run off by a simple ramp when 
required. They were made in England on W.O. order. 


RUGERONI RAFT TRACK. 


Considerable difficulty had been experienced in keeping traffic 
running over many lines which had to be constructed across swampy 
and waterlogged country, as in Flanders. In many cases ballasting 
had been resorted to, but the ballast was simply pressed down into 
the mud out of sight; a timber raft track gave good results as far 
as track stability was concerned, but its excessive weight and the © 
large quantity of timber employed in its construction precluded its 
general adoption. It was therefore decided to place on order ro 
miles of Rugeroni raft track. This equipment was not ready for use 
during the War, but from the results of tests made in England 
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there is no doubt that it would have been of very great value had it 
been available in 1917 in the Second Army area. 

The patentee claimed many advantages for this raft, particularly 
the following from the military standpoint :— 


(a) In swampy or flooded country or in shell-broken areas the 
raft track can be laid directly in contact with the ground, 
whatever the consistency of the latter, and the heaviest 
tractors and wagon loads can immediately pass over it. 

(5) Packing and the provision of special material for same is 
entirely dispensed with, and time, labour, and rolling stock 
thus employed are liberated for other purposes. 

(c) The raft track provides an excellent footpath for pedestrian 
or animal traffic, and its use for this purpose entails no loss 
of efficiency or damage to the railway. 

(d) It is quickly laid and quickly put into service, time being saved 
in assembly at the base and laying 1 sttu in preparation of 
formation, and in lifting operations. 

(ec) The area of the raft is so great that even if 2/3rds of it were 
totally damaged or removed, it would still support the 
traffic for a reasonable period, in the event of it being 
impossible to proceed with renewal at once. 

(f) Liability to derailment greatly decreased, due to better running 
top provided. 


The composition and weight of the special raft track adapted to 
60-cm. 20-lb. track was as follows :— 


2°5 Metre Section. 


Material. Unit. Weight in Kilos, 

Quantity. aE 

Unit. Total. 

Rails | 2 | 25 50 
R.R. Sleepers 2 | 30 60 
Clips 16 a: 2 

Clip Bolts 6 op fo 
Fish-Plates ... | @ 2°7 5 
Fish-Bolts 5 08 I 


Be Se EB a ee oe 
| Weight in Kilos ... = 11g 
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FRESCO FAURE. TURNING-PLATE. 


A sample turning-plate was received from the makers, “ Forges 
et Aciéries, Wills,’ 81 Rue de Maubeuge, Paris. From tests its 
adoption seemed to promise a great economy in the use of standard 
turn-tables; it was very portable, and could be used indiscriminately 
with 20-Ib. or g-lb. track, no special connection being required either 
with the main line or the spurs it served, and it could be lifted off the 
main line to permit the passing of through traffic. A preliminary 
order for 25 plates for trial purposes was placed, but cancelled on 
cessation of hostilities. 


NISSEN Mup PUuNT. 


This method of transportation was suggested by Lieut.-Col. P. A. 
Nissen, R.E., the designer of the Nissen hut. It was intended to 
carry or draw loads over muddy, water-logged ground, such as the 
areas of swamp in Flanders, and the first manufactured were intended 
to be put into use for the Passchendaele battle in the winter of 
IQI7. 

The idea was, roughly, to construct a punt capable of hauling itself 
along a chain anchored to the ground at eachend. The loading dump 
would be in some place well behind the front line, and it was anti- 
cipated that the punt would travel up to some place near the front 
line, say, the support line. The punt would float on water, slide on 
mud, and be fitted with wheels if necessary for dry ground. It would 
also draw one or two trailers, one of the many advantages claimed for 
the scheme being that there would be no track left by the punt to 
show the direction of transport. 

In October, 1917, Col. Nissen proceeded to England to discuss the 
preliminary suggestions already worked up in France. 

The first indent for a mud punt was sent home on 13/12/17. On 
22/12/17, C.-in-C. wrote to the War Office asking for six punts and 18 
trailers to be put in hand. At the same time it was decided to con- 
struct an experimental punt at the Berguette light railway work- 
shops. Conferences were held in the early part of 1918 in London, 
and various decisions as regards design and manufacture arrived at, 
and in addition a proposal for the design of a 100-h.p. punt and the 
construction of a punt on heavier lines was agreed to. In January, 
1918, the E.-in-C. decided to discontinue work on the punt at Ber- 
guette in view of the time taken to get a suitable worm drive. It was 
suggested in February, 1918, to try a drive on the principle. of 
Bullivant’s proposals for canal haulage, but in April, rg18, it was 
decided that only chain drive should be proceeded with. Various 
trials and experiments were carried out at Richborough during the 
summer of 1918, and two punts were constructed, tests being made on 
each at Richborough. 


APPENDIX I. 


LETTER FROM CHIEF OF THE GENERAL STAFF TO ARMIES, DATED 2IST 
FEBRUARY, Ig18. 
* x x * * * 


2. The Foreway organization in Armies will consist of :— 
A H.Q. for Foreways at each Army H.Q. 
A number of Companies, each consisting of :— 


A Company H.Q. with Administrative, Workshop and Signal Sub- 
Sections. 
Four Sections, each sub-divided into :— 
Section H.Q. 
A Construction Sub-Section. 
An Operating Sub-Section. 


3. Existing Army Tramway personnel at Army H.Q. will be absorbed 
and the new H.Q. for Foreways appointed under the orders of the 
Adjutant General. 

4. At present sufficient personnel is not available to form one complete 
Company per Corps, but 16 Company H.Q. and 22 Construction and 
Operating Sections in all will be formed, the latter being attached to 
Corps in accordance with the requirements of the situation. 

When a Company H.Q. only is allotted to a Corps it will provide the 
skilled supervision and control of the personnel detailed by Corps or 
Divisions for work on Foreways. 

5. The skilled personnel for the new Units will be provided from— 


(a) 9g Army Tramway Companies. 

(0) No. 31 Army Troops Company. 

(c) A reduction of four men in the establishment of each Field 
Company. 

(d) Certain other sources not affecting Armies. 


A proportion of “ B”’ personnel will be added to complete. 

6. No. 31 Army Troops Company and the eight Army Tramway 
Companies now in Army Areas will be converted to the new establish- 
ment in their present situation under detailed instructions to be issued 
by General Headquarters, 3rd Echelon. The remaining Company 
H.Q.s and Sections will be formed at the Foreway Depét and allotted 
to Armies as they are formed. 

7. Personnel will be withdrawn from Field Companies to the Foreway 
Depét or reposted to new units under the orders of the Adjutant General. 

8. Draft establishments for the new units are attached for informa- 
tion, but they are subject to modification and cannot yet be taken as 
finally approved. If substantive ranks are not available to fill vacancies 
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on the establishment, only acting promotion without pay can be made 
until War Office approval has been received. 

g. Pending War Office approval to these establishments the necessary 
motor and horsed transport must be provided from | resources now at 
the disposal of Armies. 

10. Light Railways will be responsible for laying and maintaining track 
and operating traffic up to Group stations in the medium artillery zone. 

Foreways will be responsible for provision of facilities for distribution 
of ammunition from Group stations to medium batteries in the medium 
artillery zone and for distribution of stores forward of that zone. 

11. Detailed instructions will shortly be issued as to the functions and 
method of employment of Foreway Companies and as to the relationship 
of Foreways to Light Railways. 


FOREWAY HEADQUARTERS AT ARMY H.Q. 


WAR ESTABLISHMENT. 


Staff-Serjts. Rank Motor 
Ofirs. and Serjts. and File. Total. Cars. 
Staff Officer for Fore- 
ways (Lieut.-Col.) I ~ - I I 
Field Engineer (Captain) 1 - — I — 
Asst. Field Engineers 
(Capts. or a 2 - - 2 _ 
Clerks <. = 3 4 - 
Draughtsmen eo — 2 2 - 
Batmen sick we - 4 4 - 
Total (excl. Attd.) ... 4 I 9 14 I 
Attached— 
Drivers, A.S.C., M.T. - _ 2 2 _ 
Total (incl. Attd.) ... 4 I II 16 I 
TRANSPORT. 
Vehicles. Drivers. 
Motor Car re | I 
Box Car ... ee : 


Total er. 2 2 
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FOREWAY COMPANY, R.E. 
WarR ESTABLISHMENT. 


Personnel. ; ; 
fA | 3 
NS n 
Detail. 5 s} 3 
S|] 5] 2 
o| fi] 
s | o | 
a 
Headquarters Section I 2 
Headquarters attached _— — 
4 Sections aon 4 


4 Sections attached... 


Total (excl. attached) 
Total (incl. attached) ... 


oo| le ls 


CoMPOSITION IN DETAIL, 
(i) PERSONNEL, 
HEADQUARTERS SECN. : 
(i) Administrative Sub- 
Section— 

Major (Coy. Comdr.) ... I 
Capt. (2nd in een) I 
Captain I 
Subaltern (Ad jutant) .. I 
Coy. Serjt.-Major — 
Coy. Ormr.-Serjt. ee = 
Pay and Ord. Room Sjt. | — 
Corpls. as Clerks a= 
2/Cpl.as Draughtsman | — 
» ow» Clerk — 
» » Mounted N re O. — 
Sappers ‘ — 
Pioneers ee 
Batmen aes a= 
4 


i ee ee | 


Oo 
> 8 OOM Ht mM 


eee ee oa a 
Pe bee a 
eowonnnnl tl tld di 
ie ee eee ee eee 
0 ee ee ae ee eee 
PP dP Ed Phd bide 
eo ee eee 
se ae ee 


ES |S ND | nee | ee | AD fa 


Total 


N 


(ii) Workshop Sub-Section: 
Serjeant 

Corporals se 

2nd Corporals . 

Sappers 

Pioneers 


LT tl. 


Total 
(iii) Stgnal Sub- 
Sectson— 
Serjeant 
Corporal 
2nd Corporal 
Sappers 


Total 
Total Headquarters 


Sectn. (excl. attd.) 
A tlached— 


Drivers, A.S.C., H.T.... 6 —!—|— 
Drivers, A.S.C., M.T. ... SS, See 
Total Headquarters : 

Sectn. (incl. attd.) ... 7: 1 2| 2 


* 1 to be trained in water duties and 1 in sanitary duties. 
¢ Includes 4 lance-corporals. 


V. 
FORWARD COMMUNICATIONS. 


cigteedy Google 


CONTENTS. 


INTRODUCTION : : ‘ : 


CHAPTER I, TRACKS. 


For Men. F : : ; ; ; ; 5 
For Animals 
Horse-Transport 


CHAPTER II, Forwarbd Roap3. 


General 

Road- Metal : 

Army Roads Staff, Schemes, ete. 

Timber Roads : ‘ 
Rules for Construction of Slab Roads ; 
Road Craters : : . . 


Railheads 

CHAPTER EI]. TraswaYs, QRGANIZATION. 
Early Days . i é é ; ‘ ° ‘ , 
Army Tramways . ‘ ‘ : : . ‘ ° 
F or eways e ° e e e ° r ry e 


CHAPTER IV. TRAMWAYS, OPERATION. 


The Somme, etc. . , ° ° . . 
Messines, June, 1917. : 
Special Instructions for Quick Track-laying ° 
Ypres, July-September, 1917 : : ; 
Work of Foreway Companies, 1918 


PAGE 


185 


187 
188 
189 


IQI 
192 
193 
195 
196 
198 
199 


zor 
Zor 
202 


205 
205 
208 
210 
2IIr 


CHAPTER V. TRAMWAYS, TRACK AND MECHANICAL EQUIPMENT. 


General Equipment 

Track, 9-lb. : 

Theakston Claw Joint, 9 -Ib. Track 
Track, 20-lb. ‘ , 
Monorail Track . 

Timber Raft Track 

Mule Walk 


213 
214 
214 
214 
215 
215 
215 


182 CONTENTS. 


Leeming Ropeway ° ° 
Hamilton Portable Ropeway 
20-h.p. Simplex Tractor 

McEwan & Pratt 10-h.p. Tractor 
Crewe Ford Tractors 

3-ton Box Wagon 

I-ton Ration Wagon . 

Van Ness Push Trucks . 

Calais pattern Push Trucks 
Dollé-Chaubey Trucks 

Monorail Trucks . 

Rugeroni Raft Track : ‘ 
Fresco Faure Turning-Plate . ° 
Nissen Mud Punt : ‘ 


APPENDIX I. 


Letter from C.G.S. to Armies re Foreways vere 
Various Foreways Establishments . 
Instructional memo. ve Foreways 


APPENDIX II. 


Forward Tramlines in Trench Warfare (E.-in-C. Field Work Notes 
No. 22) : 


APPENDIX ITI. 
Composition of 9-lb. and 20-lb. Tramway Track 


215 
215 
216 
216 
217 
217 
217 
217 
218 
218 
218 
218 
220 
220 


221 
223 
227 


235 


244 


XIII. 
XIV. 


XVI. 
XVII. 
AVIII. 


LIST OF ILLUSTRATIONS. 


Subject. 

Standard Trench-board . ; : : : 
10-ft. Infantry Bridge . ‘ . 
15-ft. Infantry Bridge ‘ : . . . 
Second Army Mule Track . : ; ; ‘ 
Carey’s Water-carrier for Pack Mules ; : 
Improvised Pack Saddlery ‘ ; 7 : 
Pack-Saddle Attachment for carrying Barbed Wire 

or Screw Pickets ; ‘ : d ? 


Mud Toboggan 
Standard Artillery Bridge 


Road Repairs . : ; : . 
Road maintenance in II Corps Area, November, 
1916 . . . : : ° : 


Forward Roads, Ypres Salient, October, 1917. 


Slab Roads, Shell Holes, and Road Craters , 
Plan of Belle Eglise Railhead . : 
Plan of Tramways in II Corps Area, November, 
1916 ‘ ‘ : . . ; ° 
Quick Track-laying ‘ : . , : 
Fifth Army Tramlines, August, 1917 : . 
Timber Raft Track . ; ‘ . ‘ . 
Mule Walk 


Calais Pattern Push Truck ‘ ‘: ; j 


APPENDIX II. 


Ballast Truck to carry one ton . . ‘. : 


Ballast Truck to carry one ton, also method for 
laying Tramway Track across swampy ground 


G.S. Truck to carry one ton or four stretchers. 
Ditto, Detaus. ; : ‘ ‘ . ‘ 
Hitching Attachment for Mules ; ° . 


Tramway Construction and Repair Truck . : 


Referred to 


on Page 


188 
188 
188 
189 
189 
189 


197, 198, 199 


V. 
FORWARD COMMUNICATIONS... 
INTRODUCTION. 


THE extent to which the success of operations is dependent upon 
the opening up and maintenance of communications is probably not 
fully realized, except by those upon whom the responsibility of this 
service has rested ; no more than are the difficulties that had to be 
overcome during at least the first two years of the Great War. There 
are certain elements of a fighting army, the need for which is obvious 
to all, and the supply of which is ensured by approved establishments 
and organization. Food for men and forage for animals, ammunition 
for guns and dressings for wounds were provided on a definite scale 
and by means of regular working parts of the complicated mechanism 
of war. But there was no corresponding machinery to supply stone 
for the repair of roads, timber for cross-country tracks, rails or trucks 
for tramways, or, in fact, any engineering stores. Consider the 
various processes that were required before a damaged high road 
could be made fit for service :— 


(i) The raw material—soling, metal, and sand—obtained 


(a2) by purchase from existing civil resources, 

(b) by direct labour ; which entailed finding first the quarry, 
then the labour (skilled and unskilled) to work it, and 
lastly the transport to remove the products. 


(ii) Rail transit by train, or trucks attached to a train; including 
unskilled labour to load. 

(ii) A suitable railhead at which to unload, and labour (unskilled). 

(iv) Means (transport and labour) of SipeapuEne the material at 
the points required. 

(v) Tools and equipment (rollers, watering carts, etc.) used in 
the work of repair; and finally, 

(vi) Labour (skilled and unskilled) to perform the actual work. 


All these had to be improvised in a system already fully loaded. 
Provision of materials, etc., might well be expected to be one of the 
principal duties, in the initial stages, of the senior engineer officer 
and his staff, and difficulties were increased by the fact that the 
Engineer-in-Chief was at first supposed to be an advisory officer 
only ; no provision having been made for any ‘ Works” between 
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the head of the L. of C. and the firing line. During the first eighteen 
months local resources just sufficed, both as regards material and 
labour. Roads remained good almost to the firing line; they were 
not worn out, and local inhabitants provided the labour for the slight 
repairs necessary. Troops were everywhere lightly distributed. 

The first concentration of large masses of men and animals in 
small areas, and the growth of artillery strength, that marked the 
Battle of the Somme in 1916, intensified all communication and 
transportation problems, and there gradually emerged a series of 
specialized departments—e.g., Railways, Roads, Labour, Engineer 
Stores—which, by the end of the War, had assumed wide proportions 
and absorbed a huge personnel and equipment. 

The lesson of this development is not at once clear. War is a state 
of constant and rapid changes, and the success of most operations of 
war must be proportionate to the adaptability or elasticity of their 
organization. It is for consideration whether departments, such as 
were born of the special conditions of the late War, did actually 
retain sufficient elasticity. The fortresses of Vauban, evolved from 
the soundest principles, failed because the end became obscured in a 
rigid development of the means. There is a similar danger in any 
attempt to construct a departmental organization to deal with the 
varying elements of what, for want of a better title, we term “ forward 
communications.” No Engineer would desire to contend again with 
the starvation conditions of 1916, but it may be that intelligent study 
and bold anticipation will be found the best insurance against a 
recurrence of such conditions. 

In the succeeding pages a short account is given of work done under 
the following headings :—- 

Tracks. 
Forward Roads (including Railheads). 
Tramways. 


Of the other main constituents of communications, Railways were 
at no time under the control of the Engineer-in-Chief, whilst Bridges 
are dealt with in a separate volume. 

In the present section it should be remembered that events in 
France and Flanders only are referred to. 


1 In an article in the Revue Mtlttatve Sutsse of March, 1920, on “ The Réle of Engineer 
Troops in the World War,” the duties undertaken were classified under four main 
heads, the first of which, in order of importance, being given as ‘‘ Construction and 
Destruction of Communications.” 


CHAPTER I. 


TRACKS. 


FOR MEN. 


The making and maintenance of cross-country tracks for troops 
was a work of which the importance varied enormously with the 
nature of the ground that was being fought over. 

On the undulating chalk country of Arras and the Somme it was 
usually possible to move across country in almost any direction, 
and it was often unnecessary to lay an actual track. The main 
requisites in this case were careful -preliminary reconnaissance and 
very clear marking of the routes. All sorts of devices were adopted 
for marking, and too much care could never be taken in the way in 
which this was done. Posts, notice boards, or tape-lines were 
commonly used. There was always a danger of light wooden posts 
or boards being damaged by weather, or broken up for firewood ; 
metal boards were sometimes used, but these were much more trouble 
to make and to erect. Where there was a large concentration and 
many tracks, direction. posts and boards needed very clear and 
distinctive marking so as to be easily recognized by the units for 
whose use they were intended. It was remarkable how easily tracks 
could be lost or mistaken in the dark or in the dust and smoke of 
heavy shelling. Tapes only served as a very temporary measure, 
as they soon got obscured by dirt, or buried in the mud. Sometimes, 
for comparatively short distances, a useful expedient was to run a 
tape or line through the eyes of screw pickets, pieces of spun yarn or 
short bits of tape being tied to the line at intervals. For night work 
some Divisions made use of extemporized dark lanterns, but these 
were difficult to keep in working order for any length of time. All 
methods of marking tracks entailed a vast amount of maintenance, 
which had to be regularly done by specially told-off parties. 

In the flat wet country of Flanders, especially on the Ypres front, 
it was usually impossible for troops to move across country off the 
roads or regular tracks; the usual form of track being made of 
standard trench boards, which were often fixed to short trestles or 
piles. Such tracks were only broad enough for men in single file, 
and where there was a lot of traffic it was essential to provide “ up ” 
and “ down ”’ routes ; failing this, regular passing places had to be 
made at intervals, their position being clearly indicated by notice 
boards. Where the ground was sufficiently good it was found 
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preferable to lay the boards on rough transoms buried direct in the 
ground, rather than to raise them on trestles, when there was always 
a danger of men slipping off the track at night ; but in many parts 
of the shell-pitted ground of Flanders a raised causeway on piles or 
trestles was the only practicable means. These trench board tracks 
got very slippery in wet weather or on bad ground, and it was common 
practice to nail wire netting or other material on the boards ; ordinary 
rabbit netting was worse than useless, as it broke up at once and 
only impeded traffic. Light expanded metal did not wear well 
either. <A specially stout form of woven wire, No. 8 or No. 10 
S.W.G., was issued for this special purpose, and when carefully stapled 
down lasted very well. 

The maintenance of these trench board tracks in heavily shelled 
areas was one of the most dangerous and unpleasant duties imagin- 
able. During the Passchendaele Battles in the autumn of 1917 this 
was especially so. Experience under these conditions showed that, 
where possible, it was best to lay boards directly on the ground with 
no attachment to either transoms or trestles. This involved a very 
circuitous track, but had the enormous advantage that damage by 
shell fire could be very easily and quickly repaired. The effect of 
anything except a direct hit on loose boards was to lift them up and 
deposit them at a short distance, frequently undamaged, so that the 
replacement of the boards on a fresh alignment was only a matter 
of a few minutes’ work. Plate I shows the details of the standard 
trench board, as manufactured in the Second Army workshops. 
Various modifications were introduced from time to time to facilitate 
handling and transporting, but the simple standard type remained 
practically unchanged from its introduction in the summer of 1915 
to the end of the War, and during the latter stages was made in very 
large quantities at the Base workshops. 

Various patterns of light portable bridges were prepared during 
operations for the passage of Infantry in file over gaps that could not 
be spanned by a trench board. Plates II and III give details of 
standard 10-ft. and 15-ft. bridges. 


For ANIMALS. 


Tracks for pack animals over the broken ground of Flanders 
presented one of the most difficult questions in the whole problem of 
communications : mules especially were difficult to cater for; their 
feet are small and in wet weather readily sink into soft ground. 
Their intelligence also seemed to be as small as their feet, and they 
had an unequalled knack of slipping into inextricable places. Mule 
traffic over trench board track intended for troops was fatal and broke 
it up at once. Various patterns of portable track for mules were 
designed from time to time, but always had the great disadvantage 
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of weight, and were difficult to handle in forward areas. Other 
methods used were :— 


(a) Fascines. These had to abe covered with a thick layer of earth, 
or the animals’ feet became caught in them and shoes were 
pulled off. 


(5) Hurdles. Same remarks apply in a modified degree. 

(c) Corduroy, where logs were available, and 

(2) Wooden slabs laid on longitudinal runners. These entailed 
so much work that it was generally better to make a track 
broad enough for wheeled traffic right away. 


The minimum width of raised track required for a single line of 
pack animals was 4 ft. to 5 ft. 

Tramway and light railway tracks always had an attraction for 
men and animals, and it was generally found best to face this and to 
protect the formation by laying a timber track between the rails. 
A pattern that was standardized in one Army is illustrated on 
Plate IV. 

It was noticeable that the regulation pack saddlery in possession 
of Field Companies was very seldom used. On the other hand, many 
original forms of pack were designed to meet special conditions. 
Plate V illustrates a special water-carrier designed in the 4th Canadian 
Division, Plate VI improvised pack saddlery used by the 430th 
Field Company, and Plate VII a special pack attachment for carrying 
barbed wire and pickets, designed by the C.R.E., 61st Division. In 
this same connection may be mentioned mud toboggans used on the 
Somme battlefield towards the end of 1916, and later again used in 
the Ypres salient. These were hauled sometimes by animals, 
sometimes by men. A pattern designed by the C.R.E., 32nd Division, 
is shown on Plate VIII. 


HoORSE-I RANSPORT. 


Cross-country tracks for horse-transport were made not only in 
connection with operations, but also as part of the regular programme 
of dry weather road work. An enormous saving of wear and tear to 
metal roads was effected by making cross-country, dry weather 
tracks alongside, for use by animal drawn transport. On very 
much of the battle front the work entailed was not heavy, and con- 
sisted chiefly of filling in trenches, making gaps through wire, and 
forming ramps on to and off the main roads. The marking of such 
tracks was important, especially of forward operation tracks where 
most of the traffic moved by night. Eighteen feet was an average 
width. Special passages for Avitllery were not often necessary ; 
the usual practice was to provide each battery with a certain number 
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of “ standard artillery bridges ”’ (see Plate IX), and, when the guns 
advanced, these were used to cross trenches or gaps of small span, 
rough work of filling and levelling, where required, being done by 
the artillery personnel themselves. 

Cavalry tracks were prepared for the first time before the Battle 
of Loos and, after that,on a good many occasions. The main 
requirement was a passage to allow cavalry to advance on as wide a 
front as possible. The principal work was removing wire and making 
crossing-places over trenches. The length of track that was usually 
wanted entailed a considerable amount of work, although it was 
generally of a simple nature. 


CHAPTER IT. 


FORWARD ROADS. 
GENERAL. 


In the early part of the War the maintenance of metal roads outside 
the battle zone was theoretically the duty of the existing civil organi- 
zations. In France this work was toa certain extent carried on by 
the Department of ‘‘ Ponts et Chaussées,’’ but in Belgium no civil 
organization remained, and in the small portion of the country that 
was occupied by the British Second Army all the work had to be 
arranged for by the Chief Engineer. 

As time went on, and labour became scarcer in France, this became 
more and more a condition of affairs in the Army zones in France as 
well as in Belgium. 

Two distinct types of road had to be dealt with—the ordinary 
metalled road, and the “ pavé,’”’ which formed such a feature in the 
main communications of Flanders. The maintenance of “ pavé’’ 
required specially skilled men. Fortunately a certain number were 
available among the Belgian refugees, and as early as the winter of 
1914 gangs of these were formed under Chief Engineers of Corps. 
Early in 1915 a few Field Engineers became available, and in nearly 
every Corps one of these was appointed Roads Officer. A little 
later R.E. and other Labour Battalions began to arrive, and so a 
regular roads organization was built up under Chief Engineers of 
Corps ; and finally during I915 a definite boundary line was drawn, 
in front of which the British Army accepted sole responsibility for 
road maintenance, with the exception of certain “ Artéres Princi- 
pales,” which were still in theory, though not always in practice, 
maintained by the French civil authorities. 

There was great difficulty in obtaining a sufficiency of technical 
equipment, road rollers especially being hard to obtain; however, 
at this time traffic on roads was not excessive, and nobus on an 
extensive scale were not often wanted. | 

~The original R.E. Labour Battalions contained a number of 
skilled road workers, and the officers were for the most part qualified 
civil engineers. The Infantry Labour Battalions on the other hand 
required an immense amount of training and superintendence before 
they could be relied on for satisfactory work.. 

In different parts of the country great assistance was given by the 
French roads officials in arranging demonstrations and in giving 
instruction in French methods of road maintenance. These methods 
differed considerably from the British practice in many points of 
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detail. The roads of Northern France were for the most part laid 
on a very slight foundation, the whole measure of their success 
depending on the preservation of the surface. With the light traffic 
that was usual in peace time it was comparatively easy for very small 
parties of men to maintain long stretches of road, but this, of course, 
entailed a high degree of skill and initiative on the part of the indivi- 
dual workers. 

It was always a subject of much criticism that the British military 
road workers were employed in very large numbers compared with 
the French, but this was mevitable. 

Drainage is a matter of the highest importance during rainy seasons, 

and it was remarkable how difficult it was to get this work properly 
' done. It was always noticeable that when the French undertook 
the repair of a road that had been neglected for some time they 
began operations by clearing the side drains or digging new ones 
where necessary, and then removing all mud and sludge from the 
road surface before any actual road repairs were started. 

During the preparatory work for the Battle of the Somme in the 
spring of 1916 a card (linen-backed) illustrating a few simple maxims 
in road repair and drainage was prepared for the Chief Engineer, 
Fourth Army, by the “‘ Ponts et Chaussées,” and coptes of this were 
issued in large quantities to all troops employed on the roads. A copy 
is given on Plate X. Difficulties multiplied rapidly with the increas- 
ing concentration of troops and heavy artillery ; main roads that had 
previously seemed equal to all traffic disappeared completely under 
the unceasing stream of heavy mechanical transport, and when a 
heavy rain came on during the first weeks of the battle, both Fourth 
and Fifth Armies found themselves faced by conditions that were 
quite indescribable. Once the surface of a road had given way, 
enormous holes would soon appear, and it was quite a common sight 
in the autumn of 1916 to see a loaded lorry sunk in the centre of a 
broad main road to well above the axles. 


Roap METAL. 


The supply and distribution of road metal was always a source of 
anxiety. When the main railheads were being laid out in prepara- 
tion for the Battle of the Somme, it was recognized that special 
provision must be made for off-loading trains of road metal, and space 
was invariably set aside for this purpose ; but the huge number of 
trains that was required for the regular transport of supplies and 
ammunition, in addition to the constant tactical moves of troops, 
blocked the railways to such an extent that stone trains became 
increasingly irregular, and discharge of stone correspondingly diffi- 
cult ; similarly the distribution of stone along roads which required 
repair was terribly hampered by the constant traffic along the roads, 
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and by the distance from the railheads at which stone could be dis- 
charged. The ideal, of course, was to bring stone by train to sufficient 
points to enable the distribution on the roads to be done by horse 
transport, but actually the pressure of ammunition supply was so 
tremendous that stone trains were confined to a very few railheads, 
from which distribution had necessarily to be made by lorries ; and 
it is quite an open question whether the stone carried on these lorries 
did more than repair the actual damage done by the lorries in dis- 
tributing the stone. 

Under these conditions there was naturally an increasing shortage 
of special equipment. Water carts had to be improvised as best 
they could; stone forks, road rammers, mud scrapers, etc., were 
dependent on local manufacture or purchase, and soon became 
unobtainable, whilst the number of rollers, both steam and petrol, 
was never more than a small fraction of what was necessary. When 
the newly formed Fifth Army took over its area on the Somme, only 
five rollers were available for the whole Army area, and of these two 
were hopelessly out of order. To quote from a report by the Chief 
Engineer, Fifth Army: “ In fact, in the orgy of ammunition produc- 
tion that was in progress in England, the necessity for ensuring means 
of transporting the ammunition to the guns appeared to be tem- 
porarily overlooked.” 

The constant changes in the tactical situation involving move- 
ments of Corps and Divisions, and constant changes in boundaries 
between formations, made continuity of work, which was so abso- 
lutely essential for road maintenance, a difficult problem. An effort 
was made to overcome this by telling off Companies of Labour 
Battalions to definite lengths of road. The Corps, in whose area 
for the time being the Headquarters of the unit concerned was 
situated, was made responsible for the work on the roads allotted 
to that unit irrespective of changes in Corps areas. The scheme 
naturally met with considerable opposition at first, and it needed 
much persistence to get it given a fair trial. Although at first 
changes were unavoidable, it gradually became recognized as the only 
logical system, and as labour units began to know their areas, and to 
recognize their responsibility for definite roads, a distinct improve- 
ment in work became noticeable. Plate XI is a copy of a road map, 
showing the distribution of labour units in one Corps, Fifth Army, in 
November, 1916. In the original plan the roads allotted to each 
Company were coloured differently so as to be more easily recognized. 


ARMY Roapbs STAFF, SCHEMES, ETC. 


The way in which a fortuitous roads organization had grown up 
under Chief Engineers of Corps has already been explained. 
A Chief Engineer of an Army had no special road staff, and it was 
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only towards the end of 1916 that the necessity for a Roads Officer 
under the Chief Engineer of an Army was officially recognized. In 
addition to the current needs of Corps and Army it was necessary 
to accumulate forward dumps of metal for the use.of Divisions as 
they advanced over the devastated country east of the Ancre. 
Schemes were carefully worked out in detail ahead, showing the 
order of priority for repair of forward roads, the amount of material 
required, and the position for dumps of metal or planks ; but it was 
rarely possible actually to form these dumps, and the supply was 
continually from hand to mouth. 

The amount of metal required by the Fourth and Fifth Armies 
increased enormously during the battle, and the allotments made 
to the Fifth Army by the ‘“ Sous-Commission Centrale ”’ actually 
rose from 300 tons daily in July, 1916, to 2,400 in November ; but 
owing to railway congestion seldom more than half this amount 
was received. Once again to quote the Chief Engineer, Fifth Army— 
“ Looking back at this period it seems impossible that the roads 
should have been kept open at all and the advance not have been 
summarily stopped. When the Transportation Department was 
formed at the end of 1916, as far as memory serves, the one officer 
on the Chief Engineer’s staff was replaced by five officers, six clerks, 
and three motor cars, with other personnel and material in propor- 
tion. Perhaps this offers the best testimonial to the work that was 
achieved on the Somme.”’ 

The establishment of a Roads Directorate under the Director- 
General of Transportation relieved Chief Engineers of a considerable 
part of their difficulties in connection with roads, although an im- 
mense amount of work still had to be done during the advances of 
1917 and 1918. 

The Transportation Department was organized very much upon 
peace lines, and was not intended to deal with work in the actual 
battle zone; but, relieved of anxiety as regards roads behind the 
battle zone, Chief Engineers had a distinctly simpler task in dealing 
with forward roads. 

There was, however, a corresponding disadvantage in the presence 
of two authorities side by side, the dividing line between their 
respective spheres of influence being always difficult to define. In 
periods of trench warfare the line was a fixed one, but in moving 
operations, which involved a constantly changing line, the drawbacks 
of the system became very obvious. Reports from practically every 
Chief Engineer of Corps or Armies engaged in the final advance drew 
attention to the difficulties of divided control in the maintenance of 
communications. 

During the retirement of the Germans to the Hindenburg line 
early in I917 an immense amount of work had to be done, requiring 
in many cases the employment of the greater part of the R.E. and 
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Pioneers of Divisions in addition to very large Infantry working 
parties. During the period 25th March to 15th April one Division 
alone reported that, in addition to filling or bridging between forty 
and fifty large road craters, 35 miles of road were constantly main- 
tained and kept open for traffic. It would have been quite imposs- 
ible to keep pace with the advance, had not most of the R.E. and 
Pioneers been available for this work 


TIMBER ROADS. 


The use of timber in the construction of forward roads was strongly 
advocated by the Canadian Corps during the Somme Battle. Rapidity 
of construction and durability were the main advantages, and 
these were soon recognized by everyone who had the opportunity of 
testing them; but for a considerable time neither the supply of 
timber nor transport facilities were equal to providing anything like 
a sufficiency of this material. Timber in various forms such as 
slabs, sleepers, or corduroy, was used at times, but a form of slab 
road was gradually standardized, and, as the resources of the Forestry 
Directorate expanded, production for road purposes was practically 
confined to beech slabs 2} in. to 4 in. thick and 1o feet in length. 
A considerable supply of these was sent to the Second Army before 
the Battle of Messines, and from experience gained in that battle 
definite rules were laid down for the construction of slab roads, which 
were generally conformed to for the rest of the War. 

In preparation for the attack east of Ypres on 31st July, 1917, a 
programme of the roads to be made was prepared,and R.E. units were 
told off prior to zero day to definite tasks. Each Corps was supplied 
with about 30,000 road slabs and ro tons of 6-in. wire nails. As this 
attack met with only partial success, the roads programme could 
not be completed. 

Again, during the series of attacks that led to the capture of the 
Passchendaele Ridge an enormous amount of work was done in the 
laying of new plank roads, the principal of which led from Voormezeele 
to Zillebeke and eastwards through Sanctuary Wood, and North of 
Bellewaarde Lake. This work was carried out with the greatest 
difficulty under constant shell-fire, and very heavy casualties were 
suffered both by R.E. and Pioneer Units, and by their Infantry 
catrying parties. The area east of Ypres had become by this time 
absolutely impassable except by the roads. It followed that all 
heavy artillery positions had to be on or close to the roads, which 
immediately became targets for heavy hostile shelling. Names such 
as Warrington Road, Plumer Drive, and Glencorse Lane, will not 
soon be forgotten either by those who made and maintained the roads, 
or those who used them during the autumn of 1917. Plate XII 
shows the roads in the X Corps area in Sept.—Oct., 1917. 
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When the Second Army started, in conjunction with the Belgian 
Army, on its final advance in September, 1918, all roads over the 
cratered area had been completely destroyed, and all available 
troops—Pioneer Battalions, Field, Tunnelling, Army Troops, and 
Labour Companies—had to be concentrated on them. Slabs had 
previously been.collected at forward dumps in very large quantities, 
and all transport that could be obtained was employed in taking them 
to the working parties. Over 100,000 road slabs were used, as well 
as a great deal of road metal and gravel. Once the cratered area 
was passed, 1.¢., on the east side of the Passchendaele Ridge, roads 
were found to be in excellent condition. 


RULES FOR THE CONSTRUCTION OF SLAB ROADS. 

The road to be made might be :— 

(2) Definitely and permanently a single-way track. 

(6) A single-way track to be doubled at leisure. 

(c) A double-way track from the start (it might possibly be 
advisable to lay two single-way tracks a short distance 
apart). : 

The standard slabs being ito ft. long, a single-way track was I0 ft. 

wide, a double-way track 20 ft. wide. 

The beech slabs provided a hard-wearing surface, but, as in the 
case of metal or any other roads, a sound foundation and proper 
drainage were also essential. Foundations were usually made of 
timber baulks and sleepers, which had the effect of spreading the 
weight of the traffic and acted like a raft. In swampy ground a 
close layer of fascines was sometimes laid first of all in the same 
direction as the sleepers, viz., across the road, the sleepers then were 
squeezed in between the fascines and ensured the runners having a 
continuous smooth bearing on the fascines. On hard ground or for 
light traffic sleepers could be omitted, but never the runners. Fascines 
were sometimes substituted for sleepers, but could not take the place 
of the runners. 

Many of the earlier plank roads failed through insufficient atten- 
tion being paid to the foundation. 

Drainage was usually ensured by building up the roadway above 
the general level of the ground and by cutting side drains. In the 
case of a double-track, surface water was thrown off by raising the 
centre of the road. 

The first rules laid down after Messines stated that no camber 
should be provided in a double track. Subsequent experience 
proved this to be wrong, and it was usual to lay the slabs at sucha 
slope as to allow for initial camber of 4 in. to 6 in., which was reduced. 
by traffic to 2 in. to 3 in. Curbs or ribbons on the outside of the 
track were essential. In the earlier days it was customary to spike 
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a ribbon also down the centre of a double track, but this was found 
to be a mistake, and was given up. It invariably got broken and also 
prevented three lines of traffic, which were otherwise possible. 
Ribbons were usually about 6 in. square or round. The process of 
construction was laid down as follows (see Plate XIII, Fig. 1) :— 


(1) Peg out centre line. 

(2) Mark outside drains. 

(3) Excavate and throw earth in centre of the road and ram; 
drains to be deep enough to drain the earth formation. 

(4) Excavate for the outer ends of the sleepers. 

(5) Lay the sleepers at the proper slope for camber. If there is 
not enough timber to lay sleepers throughout, reserve 
what is available for the worst spots. Fill in between with 
earth and ram. 

(6) Lay the runners and dog the two centre ones together. Spike 
two runners to the sleepers, augering the holes for the spikes 
to prevent splaying: fill in between runners with earth 
and ram. Lay slabs close (with corduroy, round side upper- 
most) ; auger the holes and spike to every runner. 

(7) Lay the mbbons with a gap of 1 ft. at each end to let water 
run away ; auger the holes and spike or dog to the corduroy 
and pickets. 

(8) Pickets should be fixed when the runners are laid, but may be 
added later. 


Earth berms were necessary both to preserve the side drains and 
to permit of the passage of foot and rider traffic. At least 4-ft. width 
was necessary. 

When speed of construction was the first consideration, a good deal 
of time could be saved by nailing instead of spiking, but this never 
made a Satisfactory permanent job, and it was always necessary to 
have a party following behind with augers to complete the spiking. 
The rate of construction varied so greatly according to circumstances 
that it is almost impossible to give any useful figures. One C.R.E., 
with extensive experience on the Ypres front, estimated that, as a 
very rough rule, in broken and shelled ground Pioneers could make 
formation, drain and lay single slab road at a rate of one yard per 
man per day, with an additional carrying party of four men per 
Pioneer delivering one slab per man at the road head. The ruling 
factor was the supply of slabs, which required the most careful 
organization. Man-handling over bad ground was a terribly slow 
process, and it generally paid to lay a tramline from the light railway 
terminus. 

When laying a 20-ft. road, it was found a good plan to make the 
formation full width from the start, but to lay a single track along it 
first, the other half of the formation being available for a tramline. 
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ROAD CRATERS. 


Whenever the enemy retired, he blew a very large number of craters 
in main roads and at road junctions or crossings. These were first 
met with at the beginning of 1917, and involved a considerable 
amount of labour, though it is doubtful whether the results were 
ever commensurate with the time and material that must have been 
used by the enemy in their formation. The method of repair depended 
on local conditions, such as facility of obtaining wood for corduroy- 
ing, brick for soling, etc.; but, as a general principle, if the crater was 
of moderate size it was quicker to fill it in at once, material for road 
formation being collected meanwhile. It is difficult to fix a limit of 
size for this method, but as a very rough rule a crater 60 ft. in diameter 
at ground level and 20 ft. deep required about 400 men tasks (say in 
four reliefs of four hours, first reliefs having smaller number of men), 
and with about 50 barrows and planks for last two reliefs. This was 
exclusive of collection of material and formation of roadway. In 
the case of large craters it was found quicker to make diversions 
round them for immediate traffic, pending filling in for permanent 
use ; 1n fact, in many cases, where the curve of the diversion did not 
form any serious hindrance to traffic, the final filling in of the crater 
was not done till many months afterwards. The most important 
rule in laying out diversions was to keep them well clear of the general 
limits of the thrown-up soil. All sorts of different methods were 
tried in filling craters ; a good method was as follows :-— 

(1) Remove all sludge and water. 

(2) Fill to within 1 ft. 6 in. or 2 ft. of the surface with alternate 
courses of sandbags and rammed dry earth; or fill with 
rammed dry chalk. 

_ (3) Then lay a slab roadway, as already described. 

The great difficulty was to get rid of the water in the crater, and 
to find material for dry filing. If this was not forthcoming, the 
filling could never be satisfactory, and continual subsidence went on. 
A common mistake was to put all the hard material at the bottom 
and so have to finish up with soft filling near the top; exactly the 
reverse was found to be the correct method. 

Shell holes in roads needed very similar treatment to small craters. 
The first thing to be done was to cut out the hole (A) (Plate XIII, 
Fig. 2) and make it like (B), ramming the bottom of the hole. The 
shell hole was then filled with sandbags laid properly, and on the top 
of the sandbags the roadway was made in the usual way. If the shell 
hole had water init, it was necessary to pump it dry before beginning 
to fill. 

The means of forming road craters were studied, and various 
instructions issued, but they were never actually made in any with- 
drawal of the British line, as a subsequent advance over the same 
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ground always had to be borne in mind. The results of experiments 
and investigation showed that the minimum charge of ammonal or 
blastine to make a good obstacle would be 500 lbs. at a depth of 15 ft. 
This would form a crater 43 ft. in diameter and 9g ft. deep, taking no 
account of the rim thrown up. In chalk or good ground a small 
shaft, either vertical or inclined, could be sunk from the side of the 
road, or a gallery run in from an adjacent cellar. Time required 
for this work would be roughly one day. Laying and tamping the 
charge, when required, was estimated to take two to three hours. 
In bad ground, where the time taken in sinking would be prohibitive, 
it was suggested that the charge be laid in six earth auger bore-holes, 
in which case a 600 lb. charge was recommended on account of its 
dispersal and indifferent tamping. (Plate XIII, Fig. 3). 


RAILHEADS. 


The subject of Railheads may be properly dealt with under Roads, 
as the work that had to be done by Chief Engineers was almost 
entirely road work. This work was practically confined to the year 
1916, in preparation for, and in the course of, the Battle of the Somme. 
Before this time the need had not arisen, and after 1916 the Trans- 
portation Directorate took over the whole service. A number of 
special railheads had to be made by the Chief Engineer, Fourth Army, 
before the Somme Battle, most of these being allotted for some 
specific duty, e.g., Ammunition, Supplies, R.E. Stores. Troop trains 
were normally dealt with at Supply railheads, whilst stone sidings 
might be made at any of them. Some space for stone was practically 
always provided at Supply railheads, and generally at R.E. Stores 
sidings, less often at Ammunition railheads. The space provided 
soon proved insufficient, as demands increased ; also the actual rail 
siding used was generally the same as that for Supply trains, and so 
the arrival of stone would be dependent on the punctuality of Supply 
trains. Ata very early stage in the battle over-congestion completely 
upset time-tables, and consequently working parties waiting to unload 
stone were often kept waiting for hours, and much time and labour 
were unavoidably lost. 

In every case the large metalled cour was the pmncipal work 
that had to be done under Chief Engineers, and a regular type plan 
was generally adhered to, of which Plate XIV gives a good example. 
In this case the space set aside for unloading stone is shown shaded. 
Supply trains used the same siding, but discharged on to the metalled 
cour. A cour of these dimensions required not far short of 10,000 
tons of material, or roughly 20 complete train loads ; besides which 
a certain amount of approach work was always involved. Towards 
the end of the battle, sleeper cours were laid, with a great saving of 
weight of material, time, and labour ; but it was not till some time 
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later that the timber supply allowed of this being done on a great 
scale. 

During the autumn of 1916 several completely new railheads were 
made under the Chief Engineers of various Corps, in several cases 
close up to the front and under considerable shell-fire, so as to avoid 
delay after the line had advanced. Perhaps the most important of 
these was at Aveluy, just north of Albert, where, in addition to large 
Supply and Engineer railheads, an important trans-shipping station 
to the 60-cm. systems was made. Two principal lessons remained 
clear from this troublous period; first, that in concentration areas 
separate railheads are necessary to deal with the three principal forms 
of traffic, Ammunition, Supplies and Troops, Engineer Stores; and 
secondly that facilities for unloading stone should be provided at 
every railhead, separate rail-sidings, as well as cour space, being needed 
in each case. 


CHAPTER III. 
TRAMWAYS ORGANIZATION. 
Earty Days. 


FaRLY in 1915 trench tramways began to be constructed in Divisional 
areas by Field Companies. 

As the amount of material required for trench maintenance in- 
creased, the necessity for these tramlines became greater, and from 
being at first isolated lines, generally run under Brigade arrangements, 
they gradually developed into Divisional and even Corps systems. 

The steady expansion that was going on at this time in the Army, 
and the constant change of front and of units holding the front, made 
continuity of policy almost impossible, and it was only in very rare 
cases that a properly organized system could be constructed and 
operated for any length of time. 

The Indian Corps, which remained for some time in one area north 
of the La Bassée Canal, had perhaps the best example of a properly 
organized system under the control of the Corps Chief Engineer, but 
such cases were very rare, and usually lines laid by one Division 
were abandoned or relaid at every Divisional relief. 

Supplies of track equipment, rolling stock, and tools were difficult 
to obtain, in fact they were at first almost entirely locally manufac- 
tured. 

Towards the end of 1916 the necessity for more centralized control 
had become very apparent, and at a conference held at the office of 
the Engineer-in-Chief 1t was decided to proceed with the organization 
of Army Tramway Companies. 


ARMY TRAMWAYS. 


Nine of these Army Tramway Companies were formed in the early 
part of 1917. Each consisted of 3 officers and 109 other ranks, and 
was divided into two half-companies on the assumption that a half- 
company would normally be allotted to one Division in the line. In 
actual practice such allotment proved to be seldom, if ever, feasible. 
No Mobilization Store Table was sanctioned for these Companies, 
and no transport, the lack of transport being a considerable handicap 
m the later days of movable warfare. At the Headquarters of each 
Army an Army Tramway Officer with rank of Major and one clerk 
were provided. The Army Tramway Officer, acting under the orders 
of the Chief Engineer of the Army, was responsible for the general 
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control and co-ordination of work of the Tramway Companies in the 
Army, but in most cases the actual work was done under the 
immediate orders of Chief Engineers of Corps. For a considerable 
time these Companies worked only in g-lb. track, constructing, 
operating, and maintaining push lines and battery and other spurs, 
which were fed by light railways or lorries. Later a limited amount of 
16-lb. track and mechanical tractors were forthcoming, but never in 
sufficient quantity to meet requirements. 

Rolling stock continued to be made mainly in Corps and Army 
workshops. | 

Bad weather conditions and constant enemy artillery fire made 
increasingly difficult the maintenance of forward roads in a condition 
suitable to carry the ever-swelling tonnage of gun ammunition and 
R.E. stores, and so the problem of maintaining light railway com- 
munications to the forward areas became more and more pressing. 
Light railways had been considerably developed since the formation 
of a separate Directorate under the Transportation Department at 
the beginning of 1917, but a climax came during the operations in the 
Ypres Salient in the autumn of 1917, when it was found quite 
impossible for light railways to maintain ballasted lines to carry their 
heavy 1o-ton rolling stock in the forward areas, whilst the Army 
Tramway organization had nothing like adequate personnel or equip-. 
ment to cope with the tramways that were needed in these areas. 
Other difficulties existed as regards inter-working between light 
railways and tramways. Generally speaking, light railways, as then 
organized, were unable to deal with deliveries in detail to batteries 
and dumps in or beyond the medium artillery zone. Moreover, no 
physical connection was permitted between light railways and tram- 
ways, so that transhipment was always a difficult problem. 


FOREWAYS. 


As the result of experiences in the battles of 1917 a conference was 
held at G.H.Q. at the beginning of November to reconsider the means 
of distribution of stores of all kinds in the forward areas on offensive 
fronts. The general decisions arrived at were that :— 

(a) ‘‘ Transportation "’ would remain responsible for both bulk 

delivery and distribution up to the medium artillery line 
(roughly 5,000 yards from front line). 

(6) All distribution in front of this line should be undertaken by 
Armies by means of tramways, roads, ropeways, pack 
transport, etc. 

(c) For this forward distribution special units should be formed 
to work under the direction of the Engineer-in-Chief. 

A detailed scheme was immediately worked out in the E.-in-C.’s 

office, and early in January, 1918, proposals were submitted to the 
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C.G.S. outlining the functions of the ‘‘ Forward Transportation ”’ 
(subsequently changed to ‘‘ Foreway’’) Companies. Accompanying 
this scheme was the following Table, showing the mileage of track 
then open or under construction, personnel employed, and amount 
of traffic. The Table illustrated vividly the difficulties of an impro- 
vised and temporary organization, and the great economy effected 
by a regular unit such as existed only in the Canadian Corps. 


Miles of 


Teck Personnel. 


Tons |!Personnel |Personnel 


First I Corps aa 
XIII Corps... 
XV Corps 
Canadian 


Portuguese ... 


Third IV Corps... 
V Corps bak 
VI Corps 


XVII Corps _ 


XIX Corps ... 
Ii Corps... 
VIII Corps 
XXII Corps 
IX Corps 
Australian ... 


es 


Fifth | VII Corps 


Not available. 


: Cav. Corps Are operated 
XVIII Corps (French) — 
III Corps (French) — French. 
PERSONNEL. 
Army. Miles. | Skld. | Unskld.| Total. | Tons. | Personnel! Personnel 
per mile. ; per ton. 
First... as ws | 157% | 1017 1836 ! 1973 18 1°45 
Third ... ae ee 543% 300 1300 6SoO 29°3 2°35 
Fourth ... oes “es 57 745 3120 585 68 6:60 
2694 | 2062 6256 3238 31 : 2°58 
Deduct Canadian Corps 53 548 370 1058 (17°3) ! 87) 
Total less __,, ee | 2164 | 1514 5886 | 


2159 34:2 | 3°40 


NotTe.—Men per ton carried by VIII Corps are unusually high owing to a large 
number of unskilled men employed on constructing new lines to Passchen- 
daele. 
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A good deal of discussion ensued, especially as regards the interpre- 
tation of the term “ offensive fronts.’’ As the result of a further 
conference it was decided to omit this term and to establish a frame- 
work of the Foreways organization in each Corps, consisting of A Class 
men, this organization to become r:sponsible for the detailed delivery 
of ammunition from group stations to batteries in the medium 
artillery zone, and of all stores forward of that zone. The scheme 
was proceeded with rapidly, and four men were withdrawn from every 
Field Company in France to help in getting the extra numbers re- 
quired, so that when the great German offensive on the 21st March 
stopped the further progress of the scheme, ten Foreway Companies 
were actually in existence, numbers I to g being Ex-Tramway Com- 
panies, whilst number 10 was the late 31st Army Troops Company, 
which had been for some time previously employed solely on tramway 
work in the First Army area. 

The difficulty in obtaining additional personnel after the line again 
stabilized practically killed the Foreways organization, and after 
considerable discussion between the Engineer-in-Chief, D.G.T. and 
C.G.S., Foreways were officially merged into Light Railways, and so 
became part of the Transportation organization. 

Detailed instructions were issued to Armies about the middle of 
July under which the control of all mechanically operated lines was 
placed under the D.L.R., who was to be responsible for pushing these 
lines as far forward as possible to meet Divisional requirements. 

A revised establishment of the Light Railways organization was 
approved in August, 1918, and included ten Light Railway (Forward) 
Companies of three sections each, and also a Forward Light Railway 
Training School. The additional personnel required to complete 
these Companies at the School was obtained by disbanding certain 
Light Railway Operating Companies. Discussions as to the correct 
employment of these Companies was still going on at the time of 
the Armistice, the chief point of disagreement being the Transporta- 
tion rule under which construction and operation were divorced, a 
system that did not appear suitable to forward work. 

The Foreways organization was drawn up in an attempt to meet a 
decided want, and although it never came into full operation, so much 
thought and work were devoted to its inception that the intention 
at least seems worthy of record. Details of the scheme, as issued by 
the C.G.S. in February, 1918, together with an instructional memo. 
by the Assistant Engineer-in-Chief (F.W.), are given in Appendix I. 

Whether this organization would have proved satisfactory in 
practice, or whether it would have soon suffered from a similar draw- 
back to the Transportation branches, 1.e., inelasticity, remains a 
subject for conjecture. 


CHAPTER IV. 
TRAMWAYS, OPERATION. 
THE SOMME, ETC. 


As already explained, Tramway systems during the earlier battles 
and periods of trench warfare were dependent mainly on individual 
effort, and were seldom co-ordinated outside Divisions. Consider- 
able experience was nevertheless gained, and a paper on the subject 
was issued from the Engineer-in-Chief’s office early in 1917 (E.-t#-C. 
Field-Work Notes No. 22). The whole of this paper will be found in 
Appendix II. 

During the Battle of the Somme an effort was made by both 
Fourth and Fifth Armies to control the lay-out of lines so as to ensure, 
as far as possible, continuity of work and policy. As a result, in spite 
of continual changes, not only of Divisions but of complete Corps, a 
reasonably complete network of lines grew up east of the Ancre. 
Work was mostly done under the immediate direction of Corps Chief 
Engineers, the principal lines being the Sausage Valley line, commen- 
ced under the C.E. Australian Corps and subsequently extended to 
Poziéres by the C.E. Canadian Corps, and the Aveluy-Ovillers lines 
under the C.E. II Corps. Plate XV shows the system as it existed 
in the II Corps area in November, 1916. During the whole of this 
period there was a special difficulty in getting a sufficiency of plant 
and rolling stock. At first only 9-lb. track could be got. Later 16-lb. 
was generally used. Rolling stock had to be almost entirely impro- 
vised by the Corps, and for a long time one mechanical tractor only 
was operating on the two lines. As the advance went on, the newly 
formed Light Railways Department took over the systems, when all 
g-lb. and 16-lb. track was pulled up, and 24-Ib. substituted, this being 
the lightest track that was found satisfactory for continuous mechan- 
ical haulage. 

MESSINES, JUNE, I9Q17. 


The following are the details of the tramway scheme in the IX 
Corps, with some remarks by the Corps Chief Engineer. Three lines 
(A, B, and C) were selected for extension as soon after zero hour as 
conditions permitted; the alignment forward was chosen with a 
view to utilizing the enemy lines, which, though destroyed by our 
bombardment, were expected to afford something in the way of forma- 
tion. Prior to operations, considerable portions of each line were 
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re-laid with 16-Ib. 60-cm. Decauville in replacement of g-lb. track, 
which was in very bad condition. The intention was that lines, on 
which g-lb. track was replaced by 16-lb., could be used by petrol 
tractors and 3-ton trucks. On A and B lines, which originally ran 
along roads, re-laying with 16-lb. track was carried out on a new 
alignment off, but parallel and close to, the roads. In the case of 
C the line was re-laid along the side of the road. One section of A 
line running along a narrow road, consisting partly of old metre 
gauge converted to 60-cm. and repaired at intervals with 9-lb. Decau- 
ville, was not re-laid ; the locality was subject to a good deal of shell 
fire, and much used by wheeled traffic, so that the line got badly 
damaged every night, and was not considered worth the expenditure 
of good new material. 

Ten days before the attack a Pioneer Battalion was made available 
for work on tramlines. Special instructions and drill for quick track- 
laying were prepared, and the intention was to give the battalion 
several days’ training in the drill. Actually very little of this could 
be done, as the work of re-laying and maintaining the lines, and 
getting forward material for the extensions, required practically 
the whole of the available time. One Company of Pioneers was 
detailed to each of the lines B and C, and two Companies to line A, 
which was longer than the others and in much worse condition. The 
organization of the forward dumps of material went very well on B 
and C lines, and everything was ready stacked in truck-loads in 
accordance with the instructions. On A line much of the material 
had not reached railhead by the night before zero, owing to con- 
gestion of traffic on the line. 

Each Company was provided with the following for its own 
section of line :— 


4 blue prints, showing the trace to be followed, with enemy trenches 
in detail. Scale 1/10,000. 

4 diagrams, showing straights (with magnetic bearings), curves, 
and tangent distance. 

4 longitudinal sections. 

8 copies of instructions for rapid laying. 

4 copies of complete lists of stores. 


Special bridges had been prepared for such streams and trenches as 
appeared likely to require them. Special mats were also issued to 
act as foundation for the formation in bad ground. These are 
described below. For each line a proportion of special tools was 
issued, including a light jim crow, a ratchet drill, hack saws, and 
spiking hammers: the first and last named had to be manufactured 
locally. 

For each line a liaison Officer was attached to the Headquarters 
of the Division attacking on that particular front, so that immediate 
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information might be obtained as to when work could be commenced’ 
Work was actually begun on B and C lines 6 hours and 20 minutes 
after zero; on A line 8 hours 20 minutes after. The available 
numbers did not admit of two reliefs except on A line, and formation 
could not be prepared as fast as the track could have been laid if the 
drill had been carried out. The ground varied considerably. The 
actual work done up to a certain hour on June 7th was :— 


A line (63 hours)— 700 yards pegged out. 
350 ~«,4, formation. 


200 ,,  +track laid. 
B line (84 hours)—-1200 yards (1.e., whole line) pegged out. 
300 ~,, ~ formation. : 
20 ~2~«,4, ~~«Ctrack laid. 


C line (83 hours)— 500 yards pegged out. 
300 ~~«4, ~~ +formation. 
275 ~,, ~~ +track laid. 


The work was only finally completed on the fifth day after zero, as 
the Pioneer Battalion was withdrawn on the third day and replaced 
by troops who had had no special instruction and took some time to 
pick up the details. 

The Chief Engineer made the following observations in his report 
on the work :— 


(a) Tramline should not be laid on a road used for wheeled traffic. 

(6) For rapid track-laying special training is necessary. If Pioneer 
Battalions cannot be given this as part of their regular 
training, Battalions selected for pushing on tramlines should 
be specially trained for at least a week prior to getting up 
their material and preparing for actual work. 

(c) All Pioneer Officers should be trained to set out a tramline 
from a plan or diagram rapidly. 

(d) For rapid work, if the line is to exceed 1 mile in length, sufficient 
men must be detailed to provide two reliefs, and there must 
be sufficient men to make the formation in bad ground as 
fast as track can be laid. In heavily shelled ground when 
dry, 400 men will no more than keep pace with the laying 
detachment required to carry out the special instructions. 
In wet ground 800 men would be none too many. With 
these numbers a rate of 1 mile in 6 hours could be attained. 

(ec) Little or no advantage was gained by making for old enemy 
lines. When they were reached practically no formation 
was found, and most of the lines had gradients (against the 
load in our case) too steep to be followed. It would have 
been better to have selected the alignments solely on tactical 
grounds. 
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(f) 9-lb. track is very unsatisfactory except for quite temporary 
lines subject to constant damage by shell fire. 16-lb. track 
is in every way better. 

(g) The number of “‘ turn outs’ normally provided is insufficient 
—eight per mile are required. 

(kh) Spare bolts and nuts should accompany every consignment 
of Decauville track. Special tools should be very liberally 
provided. 


SPECIAL INSTRUCTIONS FOR QUICK TRACK-LAYING. 
(See Plate XVI.) 


1. Laying-Out. Centre line to be marked out on a route previously 
chosen. Three men will be required for this purpose, who will use a 
rope or length of telephone wire of known length up to 330 ft. (marked 
plainly in the middle), to be used for marking straights (Fig. 1). 
First length having been laid out, move a to 6 and b toc, then set 
in line d, placing a peg at each station. 

2. Forming. All available men should be placed on this work, 
and should be split into gangs as follows :—10 % marking out and 
lining out inner edges of ditches, 6 ft. at least from centre peg on 
each side. Men should then be put to work on the line marked out 
at a distance of 10 feet apart on each side of track, one side having 
one extra man in order to stagger the positions (F7g. 2). 

The spoil from the ditches (Fig. 3) is thrown into the centre of 
track. Six men, evenly spaced, work on the formation, levelling off 
and forming to required width (F7g. 4). 

3. Rail-l.ayirg. The first truck-load of material should be at 
railhead with eight men: two men to lay and space sleepers ; two 
men laying rails and roughly aligning ; two men to fish joints and to 
fasten and spike joint sleepers loosely, if wood sleepers used ; two 
men pushing truck and helping generally until truck is unloaded. 
The men laying sleepers move out first, spacing and laying, the 
rail-layers follow, then the fasteners; the empty truck is taken off 
the line and the second truck is pushed over newly laid track to new 
railhead and the process repeated. Twomencommence, immediately 
after second truck is started, completing fastening. The six men of 
forward gang change over to this second truck and so on for the 
third and fourth trucks as they reach railhead. The empty trucks 
are pushed back to the base depdt (which should be conveniently 
near present railhead) as soon as the road is clear. In cases where 
an obstruction such as a large shell crater is met, the following method 
of continuing track-laying should be adopted (see Fig. 5). A short 
curve is laid (not fastened) to turn out from the straight (and if 
necessary a straight length following this), then a reverse curve is 
laid to lead back on a parallel line. The truck-load of rails is then 
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pushed on and the curves pegged up, reversed and placed on the 
other end of the straight to meet the continuation of the original 
line. The truck is then pushed on and track-laying goes on as 
before. Meanwhile the obstruction is filled in or removed. 

4. Straighientig and Lifting Gang. A gang of 10 men for straight- 
ening, lifting, and packing under sleepers should follow as soon as 
possible, for convenience using crutch of shovel to pack well under 
rail ends of sleepers and to a few inches (about 6 in.) inside rails. 
Ganger in charge should see to the straightening, standing well behind 
and looking along rail and motioning with the arm right or left to 
the men pulling, and each in turn would, with his lifting bar under 
the rail and with a lifting, pushing motion, move track accordingly 
until straight ; this should precede packing. Boxing in between 
sleepers should follow this. 

5. Material reyutred.— 

Decauville rails. 
Sleepers 3 ft. 6 in. x 5 In. X 2 In. 
Dog spikes. 
Fish-plates and bolts. 
Short reverse curves I0 ft., radius 12 ft. 
Bridging material formed of :— 
2 50-lb. rails spiked to two sleepers. Length over all 12 ft. 
3 planks 6 in. x 2 in. for decking spiked to sleepers. 
5 bridges per truck. Total weight, about one ton. 
Tool boxes containing :— 
Hack saws. 
Spanners. 
Spiking hammers. 
Axes (to be carried by forming gang). 
Box drains 1 ft. square. 
Wooden pegs. 
Rope or telephone wire. 
Hammers. 
Nails, 2-in. and 3-in. 
6. Distribution by Trucks. — 
Ist truck to carry :— 
1o sets Decauville track, bolts and fish-plates complete 
(more if possible). 
2 curves reversed. 
25 sleepers. 
50 dog spikes. 
5 spare fish-plates with fifteen bolts. 
25 wooden pegs. 
2nd truck :-— 
Ditto. 
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3rd truck :-— 

Ditto, and 

2 box drains to be changed to following truck if necessary. 
4th truck :— 

Ditto. 

Ditto. 
5th truck :— 

Bridging material, as detailed above. 


97. Mats for use in soft ground. In case soft or pulverized ground 
is encountered, mats will be provided, made of laths and fastened in 
usual road mat fashion, in lengths (size 8 ft. x 2 ft. 6 in.), easily carried 
by one man. A fixed number of these should be stacked ready for 
loading at railhead to be sent on if required. The mats will be laid 
two strips in breadth overlapping g in. ; an overlap of I in. will also 
be made at the junction of the following strips (see Fig. 6). The 
spoil for formation will then be thrown on this bed in the way des- 
cribed in para. 2. 


YPRES, JULY-SEPTEMBER, IQI7. 


Plate XVII gives a diagram of the tramlines laid under the direction 
of the Chief Engineer Fifth Army in preparation for and after the 
offensive of the 31st July, 1917. 

Four Tramway Companies were allotted to the Army, and the 
first business was to weed out unfit men, who were useless under the 
arduous conditions that had to be encountered. Permanent working 
parties, chiefly drawn from Tunnelling Companies, were attached 
to each Tramway Company. Under Army instructions the réle of 
these Companies was restricted to laying Heavy Artillery feeder lines. 
These lines ran as a rule from a roadside dump, when the batteries 
first moved, and later from Light Railway terminus. The work was 
done under the direction of the Army Tramway Officer, and proved 
of the greatest value to the Heavy Artillery. Up to September 5th 
eighteen miles of g-lb. track had been laid, over which approximately 
20,000 tons of ammunition were pushed by hand. 

The use of Tramways Companies to assist Divisional Artilleries 
was often advocated, but a Committee, which sat at Army Head- 
quarters to consider the question, came to the definite conclusion 
that the only practicable means of supplying ammunition to field 
batteries in the Ypres salient was by pack animals. The deciding 
factors were :— 

(a) Heavy shelling of all battery positions. 

(6) Labour involved in pushing trucks. Field Artillery could not 

find this. 

(c) Weight of ammunition. 


The pack-horse delivered ammunition at the trail of the gun, 
a position in which no tramline could have existed during the battle. 
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WorK OF FOREWAY COMPANIES, IQI8. 


Although, as already explained, the Foreway organization had 
scarcely any separate existence of its own, a great impetus was none 
the less given to the development of forward tramways during the 
early part of 1918, and immediately the line stabilized after the 
German attacks, an immense amount of work was carried through 
in reconstructing and operating systems in spite of the administrative 
questions that were under discussion. As an example the following 
Table shows the lines that were being operated by two Foreway 
Companies in the First Army area previous to their absorption into 
light railways :-— 


MILES OF 60-CM. FOREWAY LINES MECHANICALLY OPERATED. 


No. 10 FOREWAYS. 


MAIN LINE. SIDINGS. 
20-1b. Other Weights. 20-lb. Other Weights. 

Line. (Mtles) (Miles) 
Le Préol ae ». 4,00 — 83 — 
Marais-Labourse ws. 2°50 — 1°75 —~ 
Posen ... as we. 2°56 — — — 
Vermelles-Barts Dump . 2:28 — — — 
Annequin dei .. 3°84 — "15 — 
Sailly-Vermelles a == 2:90 — 1-84 
15:18 2°90 2°73 1-84 


Ee core ED 


Total, 18-08 route miles. Total, 22:65 track miles. 


No. 7 FOREWAYS. 


Roclincourt ... wee = 2°59 — I-42 — 
Bridge ... sis wee «=1°35 — — — 
Ridge... oe me 7A — — — 
Hairpin-Plateau a. 96 — 13 — 
Tyne... oe ree o> — -28 — 
Gavrelle sid ta 3°42 — 85 — 
Arleux ... sft ... I-00 — — — 
Hairpin ee we OS — SI — 
Willerval séls bea, 2:00 — 53 
Sugar ... ad ~~. = I-I4 — — 
Tunnel Loop ... “ae. FS I+30 — — 
Bailleul stot oo 2°27 — — 

12°22 6-71 3°19 53 


Total, 18-93 route miles. Total, 22-65 track miles. 
Grand total, 37-01 route miles. Grand total, 45°30 track miles. 
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Another Tramway Company, which worked mainly for the Third 
Army, estimated that during about one year of existence nearly 200 
miles of tramway were laid and operated, and approximately 55,000 
tons of stores carried. 

The following Table gives in more detail the work done by one 
Foreway Company of the Fifth Army during a week in March, 
1918 :— 


TRAFFIC REPORT. 
For week ending 6 a.m., 15/3/18. 
TRACTOR ROUTES. 


Approx. Av. Dis- 
Material Weight, tance in No. of trucks 
carried. tons. yds. of employed. 


journey. 


Material for Special Cos., 


B. Stores (T.M. Bombs) 
Salvage 
Ballast 


R.E. Stores (for Company 
use) is mit 


Total tonnage es | 122} | 44°6 Total mileage. 


Ton mileage of tractor-drawn traffic, 5,463°5 ton miles. 

Average number of men employed per ton-mile, 18. (Includes 
loading and unloading at dump.) 

Tractor: Track miles operated by No. 6 F.W. Company, 9°25 
miles. 

Number of tractors in operation, 4. 

Number of trucks in operation, 35. 

Push routes operated by No. 6 F.W. Company, I,000 yards. 

215 tons of ammunition were carried on push truck routes. 


CHAPTER V. 
TRAMWAYS, TRACK AND MECHANICAL EQUIPMENT. 
GENERAL EQUIPMENT. 


It has already been stated that for a long time most of the Tramways 
equipment had to be manufactured locally in R.E. workshops. 

(Illustrations of various trucks are given on the Plates that are 
attached to Appendix IT.) 

The provision of equipment became gradually more regularized 
after the formation of Army Tramway Companies, but at the begin- 
ning of 1918 there was still only a total of 50 mechanical tractors in 
operation on the whole front. With the inception of the Foreways 
organization an order was at once placed for 400 additional tractors, 
based on an estimate of 300 miles of track being operated; and a 
fairly definite state of standardization was gradually arrived at. 

The following notes were drawn up in the Foreways office at G.H.Q. : 


As used by Foreways, the a equipment consisted of the 
following :— 


60-cm. track, 9 lb. and 20 Ib. per yard. 
Monorails. 
Timber raft track and mule walk. 


Ropeways——“‘ Leeming ’’ and “ Hamilton” systems. 
Manufacture. 

Tractors—2o-h.p. Simplex tractors... ... English. 
10-h.p. McEwan & Pratt tractors ... ‘ 
Crewe Ford tractors ... re eat . 

Trucks— 3-ton 4-wheel box trucks ... ... English. 
I-ton ration wagons 
Van Ness trucks se ... Local. 
Various Army pattern trucks es 5 
Calais pattern push trucks ... a % 
Dollé-Chaubey push trucks ... ... French. 
Monorail trucks bie san ... English. 


Experiments were also carried out with the following :— 


‘“ Rugeroni ”’ raft track. 
Fresco Faure turning-plate. 
Nissen mud punts. 
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TRACK, 9-LB. 


This was the original W.O. track, the design of which has not been 
altered since first it was brought into use with the B.E.F. This type 
of track was used for laying short isolated lines and battery feeders, 
and in very few cases were g-lb. lines or spurs connected to the light 
railway system with a physical connection. Considerable quantities 
of this type of track were supplied to miscellaneous works, such as 
quarries, concrete factories, saw mills, dumps, etc. 

The main drawback in its design was the method of jointing two 
adjacent rails, which caused delays in laying unless it was very care- 
fully assembled and laid with the correct number of curve lengths. 

The quantity of this track ordered during the period that it was 
handled by Foreways, was a standing order of 50 miles monthly, but 
deliveries came to about 40 miles monthly, and issues very nearly 
came up to this quantity. Details of the composition of this track 
are given in Appendix III, Tables D, E, and F. 


THEAKSTON CLAW JOINT 9-LB. TRACK. 


This was not actually put into general use, but supplies arrived 
in the country within a few weeks of the termination of Foreways 
existence as a construction organization. It was designed with the 
dual purpose of getting over the difficulty mentioned in the preceding 
paragraph and to save steel, due to the scarcity of this material. 

Ten miles of this track were sent to France, but no actual tests 
were made other than at the Training School. These proved satis- 
factory, with the exception that with rough handling the distance 
rods broke at the shoulder. 


TRACK, 20-LB. 


This track equipment was the standard War Office type composed 
of B.S. flat bottom rails weighing 20 Ibs. per yard, these being joined 
by a bar fish-plate, with four fish-bolts, and supported by pressed 
steel sleepers, to which the rails are clipped. The normal con- 
sumption of this track by Foreways was 40 miles per month ; details 
of the composition are given in Appendix III, Tables A, B, and C. 
Type A consists of 1,682 steel sleepers and 1,288 wood ties per mile 
of track, and was only used in special cases where the standard steel 
sleeper did not give sufficient bearing and grip on the road bed, as 
in swampy, water-logged country. Type B consists of all-steel sleepers 
(2,970 per mile), and about go % of the track laid was with this type. 
It was not until the middle of 1918 that turn-tables for this track 
were available, and a few of these were putin use in special lay-outs 
as in large workshops; this turn-table was 5 ft. in diam., and designed 
for a load of 34 tons, and would turn 20-h.p. tractors and all rolling 
stock except bogies. 
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MONORAIL TRACK. 


A considerable number of monorail trucks were available, and 
many were issued to Armies, these being invariably run on 0-60 metre 
track ; some attempts were made to construct monorail track by 
means of spiking g-lb. rails down to short wooden sleepers. This 
arrangement did not give very satisfactory results, especially at the 
joints, and it was therefore decided to use special steel monorail 
sleepers in conjunction with the Theakston Claw Joint described in 
a preceding paragraph, 10,000 (six miles) were ordered on Septem- 
ber 4th, 1918, but before any could be delivered it was decided to 
cancel the indent, owing to the Armistice. 


TIMBER RAFT TRACK. 


In bad, muddy country a timber raft track (Plate X VITI), consisting 
of practically a continuous raftway, was tried with good results ; but 
owing to its weight and the large quantity of timber employed, 
Rugeroni raft track was ordered (sce page 218). 


MULE WALK. 


In order that animals might be used to draw trucks in the forward 
areas, without damage to the track, special wood mule walk was 
employed with good results. (Plate XIX). 


LEEMING ROPEWAY. 


_ This ropeway was issued to the Special Companies, R.E., for the 
transportation of gas cylinders to the front lines, but considerable 
amount of training was done with this equipment, and each Fore- 
ways Company was issued with half a mile of ropeway complete with 
petrol-electric generator and haulage winch. However, before they 
had an opportunity to put them into use in the forward areas, the 
War ended and the equipment was returned to Depot. There were 
then 20 miles of this ropeway in stock. It remains a matter of con- 
jecture as to how far this power-driven ropeway could be utilized 
in the forward areas, on an active front. 


HAMILTON PORTABLE ROPEWAY. 


This ropeway was received in the later months of 1918, and was 
put to a number of uses with satisfactory results, there being at the 
end of 1918 32 miles available for issue. Several developments 
were experimented with, and some with very satisfactory results, 
and had this appliance been required, some new features would have 
been incorporated as part of the equipment. 

A satisfactory terminal was constructed for hand operation, and 
the standard equipment was adapted to power haulage. 
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20-H.P. SIMPLEX TRACTOR. 


This tractor was found to be the most reliable as a power unit. 
It was found to be easy to drive and simple to look after. One of 
the drawbacks was that the driver was exposed to the weather and 
the effects of enemy shell fire, and a protected hood was designed to 
cover the tractor and protect the driver. 520 of these hoods were 
ordered, but none were supplied up to November, 1918. 

A 20-h.p. Simplex tractor will draw six or eight of the 3-ton wagons 
loaded, over the usual grades of about 2-34 %. It would be safer 
and more efficient, from the tonnage point of view, for the tractor to 


be geared lower on top, the speed being lower and the loads bigger. _ 


It would also be an advantage to have an emergency footbrake as 
well as the handwheel brake, to check the speed suddenly, as very 
often the speed of the tractor could not be checked quickly enough 
with the handwheel brake, especially when travelling in the dark, 
or proceeding with caution over unknown country. 

Weight in full working order— 


I-g25 tons... ... Adhesive force 1,193 lb. 
Weight with additional weights— 

2:225 tons... ... Adhesive force 1,394 lb. 

2500 ,, 3 ce i ‘3 I,50I ,, 

2800 _,, oe a em - 1,650 _,, 


The range of speed is from four to 15 miles per hour, the normal 
speed being about 10 miles per hour. 


Petrol consumption—:3 gallons per mile. 
Lubricating oil—r3 pints per 100 miles. 


McEWAN & PRATT I0-H.P. TRACTOR. 


This tractor was designed to run on g-lb. track, but it was found 
that, although the tractor would run on g-lb. track, the track was not 
satisfactory for mechanical haulage. 

This tractor was not found so satisfactory as the 20-h.p. tractor, 
the power not being sufficient, and, owing to the small fy-wheel, it 
had not sufficient starting power for ordinary loads. The difficulty 
of operating the brake and clutch was also a drawback. These 
tractors appeared to take sharper curves than the 20-h.p. tractor, 
however, and were very satisfactory in shunting work in large 
workshops, under skilled supervision and with light loads. 


Weight in working order—I ton 17 cwt. 3 qrs. 
Tractive force—655 Ib. 


217 


CREWE ForRD TRACTORS. 


This was an adaptation of the ordinary Ford car for use as a 60- 
cm. rail truck. The construction of the rail chassis was carried out 
at the Crewe workshops of the L. & N.W. Railway. When desired, 
the Ford car could be removed from the 60-cm. rail chassis and put 
on its road wheels, when the tractor became a Ford box car. Asa 
tractor it was not much use, for various reasons, but was very useful 
for permanent-way inspection purposes, and for carrying small work- 
ing parties. 


Weight in working order—18 cwt. 


3-TON Box WAGon. 


This 4-wheeled truck was found very useful for Foreway work, 45 
being used by Foreways. 


Maximum load ee a ... 3 tons 12 cwt. 
Tare... Vas vee ve she 18 cwt. 
Total ve a ... 4 tons I0 cwt. 


Capacity—43 cub. feet. Floor area—z24 sq. feet. 


I-TON RATION WAGON. 


This truck was designed at the commencement of the Foreways 
organization either for mechanical haulage or for use as a push truck. 
The springs of the wagons first gave trouble, and they were increased 
from 3-in. diam. steel to ;,-in. diam., and then to 4-in. diam., but 
beyond this original drawback the truck seemed exceedingly satis- 
factory. Some trouble was caused by the noise made by a train of 
these trucks, a great drawback in the forward area; but with 
stronger springs and heavier wheels the noise was not so great. The 
ends of the trucks were adapted to hold stretchers, in the later types, 
and a good many trucks were used for ambulance work in the Nieppe 
Forest. Four stretchers could be carried on each truck. The sides 
and ends were detachable, when it became a flat truck. 


Load—1 ton. Capacity—38 cub. ft. 
Tare—8 cwt. Floor area—z6 sq. ft. 


VAN NEss Pusu TRUCKS. 


These trucks were made at R.E. Base Workshops. The truck, 
which was fitted with ends but no sides, would carry two tons, and 
the ends were adapted to take stretchers. A drawbar and buffers 
were fitted for use with mechanical traction if necessary. This 
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truck was a combination of the virtues of the various trucks turned 
out at the Army Workshops, and was found to be more satisfactory 
than any of them. It was very similar to that illustrated in 
Appendix II, Plate III, being slightly strengthened and improved. 


CALAIS PATTERN PusH TRUCKS. 


This was a flat push truck of simple design to carry one ton. They 
were used extensively by all Armies, about 60 per month being turned 
out at Base Workshops, but this quantity did not sometimes meet 
requirements. This truck 1s illustrated on Plate XX. 


e 
DoLLE-CHAUBEY TRUCKS. 


These trucks, made by a French firm, were of similar pattern to the 
Calais truck, but were lighter and fitted with roller bearings, and were 
thus much easier to push. About 200 were used altogether. This 
type was found very useful for carrying bombs, etc., in ammunition 
dumps. 


MONORAIL TRUCKS. 


This truck was designed for use as a battery feeder, and for several 
services in carrying material to short distances from and beyond 
the 60-cm. main line, such as making concrete pill-boxes, etc. The 
truck ran on two wheels and was balanced by a man supporting a 
balancing bar of I-in. galvanized gas pipe, or two men, one on each 
side of the truck. It carried about 4 ton and would run satisfactorily 
on an ordinary 9g-lb. rail, spiked on small wood sleepers. The g-lb. 
track could be put down very rapidly without any levelling of the 
ground. Good results were obtained where the system was put into 
use. It was found it would be possible to load three of these trucks 
up in the back area and place them already loaded on to a Van Ness 
truck, from which they could be run off by a simple ramp when 
required. They were made in England on W.O. order. 


RUGERONI RAFT TRACK. 


Considerable difficulty had been experienced in keeping traffic 
running over many lines which had to be constructed across swampy 
and waterlogged country, as in Flanders. In many cases ballasting 
had been resorted to, but the ballast was simply pressed down into 
the mud out of sight ; a timber raft track gave good results as far 
as track stability was concerned, but its excessive weight and the | 
large quantity of timber employed in its construction precluded its 
general adoption. It was therefore decided to place on order ro 
miles of Rugeroni raft track. This equipment was not ready for use 
during the War, but from the results of tests made in England 
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there is no doubt that it would have been of very great value had it 
been available in 1917 in the Second Army area. 

The patentee claimed many advantages for this raft, particularly 
the following from the military standpoint :— 


(a) In swampy or flooded country or in shell-broken areas the 
raft track can be laid directly in contact with the ground, 
whatever the consistency of the latter, and the heaviest 
tractors and wagon loads can immediately pass over it. 

(6) Packing and the provision of special material for same is 
entirely dispensed with, and time, labour, and rolling stock 
thus employed are liberated for other purposes. 

(c) The raft track provides an excellent footpath for pedestrian 
or animal traffic, and its use for this purpose entails no loss 
of efficiency or damage to the railway. 

(d) It is quickly laid and quickly put into service, time being saved 
in assembly at the base and laying 7 situ in preparation of 
formation, and in lifting operations. 

(ec) The area of the raft is so great that even if 2/3rds of it were 
totally damaged or removed, it would still support the 
traffic for a reasonable period, in the event of it being 
impossible to proceed with renewal at once. 

(f) Liability to derailment greatly decreased, due to better running 
top provided. 


The composition and weight of the ee raft track adapted to 
60-cm. 20-Ib. track was as follows :— 


2°5 Metre Section. 


Material. Weight in Kilos. 
Quantity. ——————_— 

Unit. Total 
Rails 2 ! 25 5° 
R.R. Sleepers 2 | 30 60 
Clips 16 | I 2 
Clip-Bolts... — _ y 16 | ‘07 I 
Fish-Plates ... a sag. °| “Pair 2 , 2°7 5 


EE | 6 ER | Ee pemee | SoRRer Roe PAE 


Fish-Bolts ...  ...... | No. 8 | -08 I 


ETS | A ES | RS | Se eS TE ED 


Weight in Kilos ... = 119g 
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FRESCO FAURE. TURNING-PLATE. 


A sample turning-plate was received from the makers, “ Forges 
et Aciéries, Wills,’ 81 Rue de Maubeuge, Paris. From tests its 
adoption seemed to promise a great economy in the use of standard 
turn-tables; it was very portable, and could be used indiscriminately 
with 20-lb. or 9-lb. track, no special connection being required either 
with the main line or the spurs it served, and it could be lifted off the 
main line to permit the passing of through trafic. A preliminary 
order for 25 plates for trial purposes was placed, but cancelled on 
cessation of hostilities. 


NISSEN Mup Pwnrg. 


This method of transportation was suggested by Lieut.-Col. P. A. 
Nissen, R.E., the designer of the Nissen hut. It was intended to 
carry or draw loads over muddy, water-logged ground, such as the 
areas of swamp in Flanders, and the first manufactured were intended 
to be put into use for the Passchendaele battle in the winter of 
1917. 

The idea was, roughly, to construct a punt capable of hauling itself 
along a chain anchored to the ground at eachend. The loading dump 
would be in some place well behind the front line, and it was anti- 
cipated that the punt would travel up to some place near the front 
line, say, the support line. The punt would float on water, slide on 
mud, and be fitted with wheels if necessary for dry ground. It would 
also draw one or two trailers, one of the many advantages claimed for 
the scheme being that there would be no track left by the punt to 
show the direction of transport. 

In October, 1917, Col. Nissen proceeded to England to discuss the 
preliminary suggestions already worked up in France. 

The first indent for a mud punt was sent home on 13/12/17. On 
22/12/17, C.-in-C. wrote to the War Office asking for six punts and 18 
trailers to be put in hand. At the same time it was decided to con- 
struct an experimental punt at the Berguette light railway work- 
shops. Conferences were held in the early part of 1918 in London, 
and various decisions as regards design and manufacture arrived at, 
and in addition a proposal for the design of a 100-h.p. punt and the 
construction of a punt on heavier lines was agreed to. In January, 
1918, the E.-in-C. decided to discontinue work on the punt at Ber- 
guette in view of the time taken to get a suitable worm drive. It was 
suggested in February, 1918, to try a drive on the principle. of 
Bullivant’s proposals for canal haulage, but in April, 1918, it was 
decided that only chain drive should be proceeded with. Various 
trials and experiments were carried out at Richborough during the 
summer of 1918, and two punts were constructed, tests being made on 
each at Richborough. 


APPENDIX I. 


LETTER FROM CHIEF OF THE GENERAL STAFF TO ARMIES, DATED 2IST 
FEBRUARY, 1918. 
* * * * *& * 


2. The Foreway organization in Armies will consist of :— 
A H.Q. for Foreways at each Army H.Q. 
A number of Companies, each consisting of :— 


A Company H.Q. with Administrative, Workshop and Signal Sub- 
Sections. 
Four Sections, each sub-divided into :— 
Section H.Q. 
A Construction Sub-Section. 
An Operating Sub-Section. 


3. Existing Army Tramway personnel at Army H.Q. will be absorbed 
and the new H.Q. for Foreways appointed under the orders of the 
Adjutant General. 

4. At present sufficient personnel is not available to form one complete 
Company per Corps, but 16 Company H.Q. and 22 Construction and 
Operating Sections in all will be formed, the latter being attached to 
Corps in accordance with the requirements of the situation. 

When a Company H.Q. only is allotted to a Corps it will provide the 
skilled supervision and control of the personnel detailed by Corps or 
Divisions for work on Foreways. 

5. The skilled personnel for the new Units will be provided from— 


(a) 9 Army Tramway Companies. 

(6) No. 31 Army Troops Company. 

(c) A reduction of four men in the establishment of each Field 
Company. 

(dz) Certain other sources not affecting Armies. 


A proportion of “ B”’ personnel will be added to complete. 

6. No. 31 Army Troops Company and the eight Army Tramway 
Companies now in Army Areas will be converted to the new establish- 
ment in their present situation under detailed instructions to be issued 
by General Headquarters, 3rd Echelon. The remaining Company 
H.Q.s and Sections will be formed at the Foreway Depét and allotted 
to Armies as they are formed. 

7. Personnel will be withdrawn from Field Companies to the Foreway 
Depét or reposted to new units under the orders of the Adjutant General. 

8. Draft establishments for the new units are attached for informa- 
tion, but they are subject to modification and cannot yet be taken as 
finally approved. If substantive ranks are not available to fill vacancies 
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on the establishment, only acting promotion without pay can be made 
until War Office approval has been received. 

g. Pending War Office approval to these establishments the necessary 
motor and horsed transport must be provided from 1 resources now at 
the disposal of Armies. 

to. Light Railways will be responsible for laying and mamtaining track 
and operating traffic up to Group stations in the medium artillery zone. 

Foreways will be responsible for provision of facilities for distribution 
of ammunition from Group stations to medium batteries in the medium 
artillery zone and for distribution of stores forward of that zone. 

11. Detailed instructions will shortly be issued as to the functions and 
method of employment of Foreway Companies and as to the relationship 
of Foreways to Light Railways. 


FOREWAY HEADQUARTERS AT ARMY H.Q. 


WAR ESTABLISH MENT. 


Staff-Serjts. Rank Motor 
Offrs. and Serjts. and File. Total. Cars. 
Staff Officer for Fore- 


ways (Lieut.-Col.) I = - I I 


Field Engineer (Captain) I - — I 
Asst. Field Engineers 
(Capts. or Sia 2 - -~ 2 ~ 
Clerks a. | SS 3 4 _ 
Draughtsmen eo - 2 2 - 
Batmen — we Oo ~ 4 4 - 
Total (excl. Attd.) ... 4 I 9 14 I 
Attached— 
Drivers, A.S.C., M.T.  - - 2 2 _ 
Total (incl. Attd.) ... 4 I II 16 I 
TRANSPORT. 
: Vehicles. | Drivers. 
Motor Car ie I 
Box Car ... | 4 


Total it. 2 2 
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FOREWAY COMPANY, R.E. 
WarR ESTABLISHMENT. 


Personnel. 


Detail. 


Motor Cycles. 
Bicycles. 


Motor Cars. 


Headquarters Section 
Headquarters attached 
4 Sections : sive 
4 Sections attached 


ae 


Ja lo 


Total (excl. attached) 
Total (incl. attached) ... 


COMPOSITION IN DETAIL, 
(i) PERSONNEL. 
HEADQUARTERS SECN. : 
(i) Administrative Sub- 
Sectton— 


Major (Coy. Comdr.) ... r1}/—j]—|—] 1 r}—|— I I 
Capt. (2nd in omen I —{/—| ry—-}y-l—-!—l— 
Captain r}—}—y—f]@wrslo—i—l—ly—l 
Subaltern (Ad jutant) .. I}—}|—f—}] rl—j—o-yj—l—l— 
Coy. Serjt.-Major —{| r1f/—}—} ry—l]m—yc—ye—l— 
Coy. Ormr.-Serjt. coe fm Pm] Fem] tlm tinmr tel ed 
Pay and Ord. Room Sjt.| — |— |] 1r/—] ri}/—{/|—]—/]—i- 
Corpls. as Clerks woe | — | —]—] 2) 2/—t—J—-jyrji— 
2/Cpl.as Draughtsman | — | — {| —| I r}/—}]—{]—|—|— 
» oo Clerk —j—|—|. r}/—]—J]—|—|]— 
» » Mounted N C. O. —}—|— I r}—ymrt}]—j] rye 
Sappers —{|—{|—|] 8] 8);—!—}—|— J] — 
Pioneers —{|—{—] 6] 6*}—}]—]}—f]—f]— 
Batmen —!i—!—J] 4] 44/—}—)J—-—/]—{— 

Total 4 2 30) I | — T I 
(ii) Workshop Sub-Section: 
Serjeant as — I r|—|— — | — 
Corporals nue — — 2};—,;— —|— 
2nd Corporals ... — — 2|— | — —|— 
Sappers — — a emeadl (to —|— 
Pioneers — — 6;—- — —|— 

Total — |— I 23 : — | —_ —|— 

(iii) Signal Sub- | 
Sectton— 

Serjeant —j—/| 1 1{/—]j]— —|— 
Corporal —|j-—-j;—- 1} —|— —|— 
2nd Corporal —}—|/|— 1|—|— —|— 
Sappers —|— — 10 | — | — — — 

Total we | — | — I 13 | — | — —_- — 
Total Headquarters | 
Sectn. (excl. attd.) ... 4 I 4 66 1|— I} I 
A ttached— 
Drivers, A.S.C., H.T.... | — | — | — 3|/—1] 4 6 — 
Drivers, A.S.C., M.T. ... |} — | — | — 2(|—/|]— ae aa 
Total Headquarters : | 

Sectn. (incl. attd.) . 4} 1 4 71 I| 4 oi 0 Qe 2 


* 1 to be trained in water duties and 1 in sanitary duties. 
¢ Includes 4 lance-corporals. 


Detail. 


SECTIONS (FOUR SUCH) : 
(i) Headquarters Sub- 
Section— 
Captain, O.C. Section 
Subaltern ‘ 
Military Foreman of 
Works (Staff Serjt.) 
2nd Corporals... os 
Pioneers 
Batmen ... 


Total 


(ii) Construction Sub- 
Section— 
Subaltern 
Serjeants 
Corporals 
2nd Corporals 
Sappers 
Pioneers 
Batman ... 


Total 


(iii) Operating Sub- 
Sections— 

Subaltern 
Serjeants 
Corporal 
2nd Corporals 
Sappers 
Pioneers ... 
Batman 


Total 


Total for 1 Section 
(excluding attached) 
Attached to Headquarters 
Sub-Section— 
Drivers, A.S.C., H.T. 
Drivers, A.S.C., M.T. 


Total for 1 Section 
(including Attached) 


FOREWAY COMPANY, R.E. 
WAR ESTABLISHMENT (contd.). 


Officers. 


— 


N 


LPT Da 


Lon) 


Choris 


nl 


> 


4 


Pewee a 


eoeees 


N 


wm 
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(c) 


(@) Includes 3 


Motor Cycles. 
Bicycles. 


1 to be trained in 
Water duties, I in 
Sanitary duties, and 1 
in first aid. 


lance- 


corporals. 


(e) 


Includes 3 _ lance- 
corporals. 


ty 
i) 
a 


FOREWAY COMPANY, R.E. 


WAR ESTABLISHMENT—Continued. 


TRANSPORT. 
Horses. 

Heavy 

Headquarters. Vehicles. Drivers. Draught. Draught. 
Wagon, G.S. an sie I I - 2 
Wagon, Limbered G.S. I I 2 - 
Water Cart ... oe I I 2 — 
Motor Car ... ed ax I I — - 
Box Car I I - - 

4 Sections : 

Wagons, Pontoon 4 8 - 16 
Lorries.... ise ae 4 8 _ - 
Motor Cycles 4 — ~ - 
Bicycles 4 — - - 
Total sine ier 21 21(f) 4 18 


(f) Includes 1 Corporal. 
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FOREWAY COMPANY, R.E. 


WAR ESTABLISH MENT—Continued. 


DISTRIBUTION OF STAFF SERJTS., AND SERJTS., AND RANK AND FILE BY 
TRADES. 


H.Q. Each Section. 


| Staff 
Rank | Serjts. | Rank 
and , an 


my 


Batmen Lee ag ee ra | 4 
Blacksmith en a — ! I 
Carpenters ies aes — 3 —_ 
Clerks 56s “ye ee — | 3 

C.O.M.S. ... oe ‘ia I (oo 

District Control ... sted —_ 
Clerks and Shunters Pere — 
Draughtsman oar sed — 3 
Duty N.C.O. 

Electrician ... 

Field Linemen 

Fitters and Turners 
Internal Combustion 
Engine Mechanics ... 
M.F.W.S:S. 

Motor Cyclist 

Motor Mechanics 

Mounted N.C.O. _.... 

Pay and Orderly Room 
Pioneers : 
Platelayers ... 

Shoemaker ... 

Signwriter 

5tenographer 

Surveyors 

Surveyors and Draughtsmen 
Tailor 

Tinsmith 

Tractor Drivers 

Traffic Clerks 

Yardmasters 


ic i rr mere See pare: Sas? ras, as 


(ie Serre eer em ace ee oom ee ene eee | 


57 | 5 | 65 


4 Sections 
Total 
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FOREWAYS. 
INSTRUCTIONAL MEMO. No. 0.2. 
DATE 26-2-18. 


1. The following notes are issued as a guide to the employment of 
the personnel provided for in the establishment of the Foreway Organiza- 
tion (vsde G.S. letter O.B./2120 dated 21-2-18). 

2. The establishments by ranks and trades have been drawn up on 
the basis of the personnel available being organized as described below. 
Training programmes are being arranged on the same basis. 

3. The general organization of Foreway Services from G.H.Q. 
downwards is illustrated in Diagram No. I. 

4. The organization of the staffs at G.H.Q. and Army Headquarters 
is illustrated in Diagrams Nos. 2 and 3. The posting of officers is 
being done so as to fit into this organization. 

5. The organization of the Foreway Companies is obvious from the 
establishment Tables. This type of organization has been adopted with 
a view to :— 


(a) Definitely fixing the maximum number of men which may be 
employed at Company and Section Headquarters. There 
should be no necessity to increase this by withdrawing from 
units below. 

(b) Defining the duty of each man in the Company, thereby enabling 
all training to be carried out to a definite standard. 

(c) Allowing considerable flexibility in the organization of the Com- 
pany to suit local conditions, whilst still retaining the sub- 
section or ‘“‘ group’ unit intact. For instance, by putting both 
Operating Sub-sections into one Section and both Construction 
Sub-sections in the other, it is possible to reorganize the 
Company so as to have one strong Construction Section and 
another purely Operating. This may be desirable under 

certain conditions. 

(2) Enabling Sections to be pulled out without their Company Head- 
quarters and concentrated up to six under one Company Head- 
quarter Section on active fronts. 


6. The strength of a Sub-section was fixed with a view to its being 
organized as follows :— 


(i) Operating Sub-section, in two “ groups,” as illustrated in Diagrams 
4 and 5: 


(a) Traffic control. 
(b) Tractor driving. 


The former is organized in two shifts, each under a Serjeant. 

(ii) Construction Sub-section, in two “‘ groups,” each under a Serjeant : 
each “ group ” can again be sub-divided into one, two, or three 
“N.C.O. parties,” as occasion demands; and so on, as per 
Diagram 6. 
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Sub-division of control of this nature should be encouraged 
and Sappers trained with a view to controlling small parties 
of attached unskilled or semi-skilled troops as indicated. 

This Table assumes that the 18 pioneers are employed under 
the Operating Sub-section. These have been included in the 
establishment of the Construction Sub-section so as to ensure 
their always being thoroughly trained and able, when necessary, 
to patrol the line and assist in track repairs, a point which might 
be overlooked if they were definitely transferred to the Operat- 
ing Sub-section. 

(iii) Workshop Sub-sectton, in three “ groups,’ as per Diagram 7, 
The organization of repair workshops behind Corps is still 
under consideration, and will be notified later. 

(iv) Stgnal Sub-sections. The personnel of these are all being trained 
alike, and can, therefore, be organized under their N.C.O.s 
as occasion demands. 
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DiaGRaM No. 5. 
TYPE COMPOSITION OF OPERATING SUB-SECTION. 


Subal- 2nd | Lce.- Pion- 
tern. | Sjts. | Cpls. | Cpls. | Cpls. 


Commander aioe I — 
Yardmasters..... — 2 
Traffic Clerks — — 
D.C. Clerk wef — 
Shunters and Num- 


NoOrEs :— 


(a) At Marshalling Yard, one by day, one by night. 
(6) One ast day, one by night. To make all arrangements with units for 
working, and to compile statistics. 


(c) a ‘ sapper and a pioneer) by day, two by night. Senior—Train 
movements and train sheet. Junior—To assist (a) senior on train 
movements and with train sheet, and (b) traffic clerk. . 

(d) At three Divisional dumps, j.e., F.A. Ammunition, R.E. Stores, and 
Infantry Stores (S.A.A., bombs, rations, etc.), three by day and three 
by night. 


(e) Five posts. 
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APPENDIX II. 


E. IN C. FIELDWORK NOTES NO. 22. 
FORWARD TRAMLINES IN TRENCH WARFARE. 
(Matnly from a Paper by Captain W. Waters Van Ness, R.E.) 


1. The following information is based on experience gained during 
the management and construction of forward tramways on the British 
front in France, or acquired previously. The tramway trucks, etc., 
described have proved their usefulness under hard-working conditions 
on forward lines. 


I.—LocATING A LINE. 


2. In locating a forward tramline the following points must be 
carefully considered :— 
(a) Objective. 

This should be determined after ascertaining the most 
convenient points from which the forward lines can distribute 
ammunition, rations, engineer material, etc. The question of 
accessible routes to objectives within the enemy’s lines must 
also be considered in conjunction with the above before finally 
determining at what point the railhead shall be located. 

(b) Loading Stations. 
* Loading stations should preferably be beyond the range of 
constant hostile shell fire. 

When this limit has been determined, a point a few hundred 
yards in rear of it should be selected which is on the line of a 
Light or Broad Gauge Railway, and is also accessible from the 
rear by a miotor lorry road. | 

This situation of the station ensures a connection for traffic 
from the rear, and saves wear and tear and congestion of traffic 
on forward roads. It also enables trucks to be loaded in day- 
light for their respective destinations forward in comparative 
safety ; they can subsequently be coupled up in trains and 
hauled forward by night as far as practicable by a light petrol 
tractor. 

The question of the location of R.E. Parks and Workshops 
should also be carefully considered before finally deciding on 
either the site for the main loading station, or the route of the 
line, for a very large proportion of the transport for the trenches 
is generally required for engineer material. These Parks, etc., 
are best served by short branch lines. 

Main lines should avoid large dumps or prominent objects, 
cross roads, etc., which tend to attract the enemy's artillery 
fire. 
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II.—ROureE. 


3. Both the base and terminal stations of a tramline and the points 
to pick up or deliver intermediate traffic having been settled, the route 
decided upon should be chiefly governed by— 


(2) The topography of the ground, so that nowhere will the gradient 
exceed 2 per cent. or, if quite unavoidable, 3 per cent. 

(b) Cover from the enemy’s direct observation and machine-gun fire, 
as far as possible. 

(c) The intermediate points where material transported by tramlines 
is likely to be required. 

(2) Desirability, if possible, of avoiding crossing roads at places where 
they are sunken or embanked, as it would mean either heavy 
cuttings to obtain a level crossing, or bridging. 

(ec) The objections to constructing tramlines along main roads or 
village streets, if it can possibly be avoided. Ifso placed, not 
only will a line be exposed to damage by road traffic, but it 
will also contribute to congest the traffic, and have a greater 
chance of being heavily shelled than if carried in the open. 

(f) The consideration of where ballast for the lines, such as old brick, 
chalk, or stone can be obtained. 

(g) The nature of the ground to be traversed. This is an important 
point to be considered in some countries, so that boggy ground, 
and excavation in hard rock, may, as far as possible, be avoided. 


III.—CoNSTRUCTION. 


4. On alignments which will subsequently be used for light railways, 
tramlines should be of the same gauge and the same weight of steel as 
the light railways, if the material is available. They are then ready to 
take the rolling stock and, if necessary, the engines of the light railway 
over any part of the system. 

5. In any case the rail section should not be less than 16 Ibs. This 
will at a pinch carry a 15-ton locomotive if carefully ballasted. 9-lb. 
rails should only be regarded as a means of serving lines up to 300 or 400 
yards in length where push wagons are used. Old rails of heavy type 
may sometimes be available. They are preferable to light rails and can 
‘be placed with three wooden sleepers double spiked on the outside. If 
fish-plates are not available, the joint can be supported by a plank corbel 
nailed to the sleeper. 

6. The sleepers employed will depend on the supply and the ground 
to be crossed. Generally, wooden sleepers, if obtainable, are preferable 
to steel. On muddy soil 14—2-in. planks, laid longitudinally under the 
rails with steel transverse sleepers, have been found very suitable. (For 
swampy ground, see page 238.) If steel sleepers are used, the fasteners 
should be bolts and clips (not hook-bolts). 

7. Rail joints should be broken between sleepers, and fish-plates 
used, except at the forward end of the line where exposed to damage by 
shell fire. In that portion the rail joints should be broken on a double 
sleeper, fastened with clip-bolts and without fish-plates, so as to localize 
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the effect of shell fire. Should the track be hit where the rails are spliced 
with fish-plates, several lengths of rail are likely to be twisted, and 
greater delay is caused in repairs, which usually have to be carried out 
at night and often under fire. 

8. No -curves should be sharper than 45-ft. radius, and then only in 
trenches. On curves with this radius the gradient should not exceed 
I°5 per cent. 

g. Where practicable, there should be a connection, with parallel 
line, so as to form a loop for continuous traffic in one direction, and to 
prevent congestion in case of an emergency. 

1o. A number of sidings should also be provided, so that, should one 
line of the loop be damaged or heavily shelled, the other line can be used 
by return traffic without interruption. 

11. . To prevent tramlines being damaged by wheeled transport, there 
should be definite crossings at convenient intervals, well marked with 
white posts. Special hard wood sleepers and heavy rails are required 
where a tramway crosses a road. 


IV.—TRAMLINES IN TRENCHES. 


12. Whether or no lines in the forward area should be protected by 
placing them in trenches is a debatable question. 

13. In some localities, under certain conditions, it is probably advis- 
able, but in others the topography of the ground and the nature of the 
soil make it impracticable. 

14. It is frequently claimed that, excluding from consideration lines 
very far forward, the interruption of traffic and number of casualties 
have been found to be greater when the tramlines are carried in the 
trenches than when they are carried in the open, away from trenches, 
roads, and artillery positions. 

15. The enemy generally concentrates his shell fire on artillery, on 
the roads, and on the lines of trenches, and seldom on the tramlines 
alone ; for he knows that the damage done can be repaired very quickly 
and cheaply, and he does not (or should not) know exactly where to 
locate a train of trucks. A certain amount of machine-gun fire, of course, 
and probably fire from fixed rifles, will occur; but on the whole the 
casualties due to these are not as a rule as heavy as casualties due to 
shell fire when trams are located in trenches, unless the lines are brought 
very far forward. This on the whole is not advisable, unless for an 
exceptional purpose. (For “Cut and Cover’ trenches for tramways, 
see E. in C. Fieldwork Notes, No. 15). 

16. Artillery positions should not, if it can be avoided, be located 
nearer than 100 yards to any main line. Sidings to gun positions should 
always be disguised. 


V.—Roap BED. 
17. The road bed should be ballasted, when practicable, with 4 in, 
to 6 in. of ballast. Care should be taken that the ballast is well rammed 


under the ends of the sleepers, so that they will not buckle; they are 
likely to do this if this precaution is omitted. 


18. If harder stone is not available, a mixture of brick and chalk 
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well rammed is a useful substitute. (For a simple design of ballast 
truck see Plates I and II.) 

19. In wet ground precautions should be taken to drain the road bed 
by trenching 5 ft. on cither side from the centre of the track. There 
should be box drains at every point where depressions are likely to 
occasion flooding of the track. 

20. In boggy ground ballasting is of little value; a useful alternative 
is to lay the track on forest planking, as shown in Plate II. For mobility 
and expedition this planking should not be fastened: the noise of driving 
spikes might be heard by the enemy. 


VI.—HAULAGE. 


21. Either petrol or combination petrol-electric driven tractors of 
about 20 h.p., weighing approximately four tons, are best suited for 
haulage purposes on the forward tramlines on 16-lb. or 20-lb. rail track. 
It may be objected that they cannot be employed close to the enemy, 
but this has not been found the case in practice. 

22. One of these tractors with a train of 12 trucks of proper design 
and good workmanship should easily haul 12 tons net over a gradient 
of 2 per cent. at 24 miles per hour, or 7 miles per hour on a level track. 

23. A tractor is far the most economical and practical means of haul- 
age, as it saves considerable amount of labour in maintenance, as com- 
pared with man-handling or animal haulage, besides being more expedi- 
tious. 

24. There should always be one spare tractor for every two tractors 
at work under normal conditions, so that traffic will not be held up in 
case of emergency, or interrupted in case a tractor is damaged or is cut 
off by temporary breaks in the line. 

25. Should tractors not be available, and animal haulage be decided 
upon (mules are best suited for this purpose), precautions must be taken 
to ballast the track properly. Or some other surface, such as beech 
planking (see Plate II), must be supplied to prevent the road bed from 
being seriously damaged by the animals and a large permanent working 
party being required to maintain it. Side draught, as used in South 
America, may be possible if the ground is hard. 


VII.—RoLiinc STOCK. 


26. A practical and useful type of truck, and one which can be easily 
constructed at any Army or Corps workshops, is shown in Plates III 
and IV. | 

27. The design of the wheels and bearings is the same as supplied to 
the Army. Bearings can be lubricated by grease cup countersunk in the 
floor of the truck, connected by a pipe through a hole bored to the bearing. 

28. It is important that all wheels and bearings should be of the same 
pattern and size, so that they will be interchangeable, and that the truck 
‘buffers will not overlap. 

29. The weight of the truck shown in Plate III does not exeeed 
450 lbs. complete, and will carry one ton with an ample factor of 
safety. It will also carry four stretcher cases, or two stretcher cases 
and four sitting, with comfort. 
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30. It is sufficiently light to allow one man to replace it on the track 
when empty, should it get derailed, and it can be easily man-handled by 
two men round any portion of a track which may be damaged by shell 
fire. 

31. It can be man-handled, or coupled and hauled by mule or 
tractor. 

32. It has a simple effective brake and coupling. 

33. Asimple means of attaching mules to this truck so that it may not 
over-run them is shown in Plate V. 

34. The rubber used in buffer and coupling is old tyre material which 
has been stripped from the motor lorry wheels, and can be obtained from 
any Corps Siege Ammunition Park. 

35. Three carpenters, two helpers, and one blacksmith, should turn 
out five of these trucks per week. 


VIII. MAINTENANCE. 


36. Maintenance is much affected by local and weather conditions, 
but as a rule two men per 1,000 yards should be sufficient to keep the 
track in good condition. | 

37. In addition to these a special party should always be immediately 
available for repairing the line when damaged by enemy shell fire, or in 
case of derailment of a tractor. 

38. A construction repair truck should be provided for every line. 

39. This truck should carry a tool box, under lock and key, containing 
all tools likely to be required. 

40. A useful and simple design of such a truck is shown in Plate VI. 

41. A gang consisting of three carpenters, two helpers and one 
blacksmith, should turn out four of these trucks per week. 

42. Maintenance organization will, of course, depend entirely on the 
length of line and local requirements. A useful report form is shown in 
Appendix (a). 


1TX.—TRAMWAY WORKSHOPS. 


43. In every workshop concerned with repairs, construction of new 
trucks, preparing timber for bridges, etc., the following plant is necessary : 


I push bench, with set of saws up to 3-ft. diam. 

1 small band saw frame and bench complete, with two extra 
bands. - 

I small combination hand- and belt-driven drilling machine, 
with set of twist bits. 

I rail-bending machine for 16-lb. rail, or other rail in use. 

Blacksmith’s forge, anvil, vice, tools, etc. 

44. For repairs, the following special stores are needed :— 

Many hacksaws and blades; box spanners to fit German 
screw spikes ; portable oxygen cutting apparatus ; wood for 
temporary rails, say, inches by 2 inches, to fit in height the 
different sections of rails probably used by the Germans. 


+ Notg.—Workshops will not be established in formations or units below Corps. 
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X.—TRAFFIC ORGANIZATION. 


45. Like maintenance, this depends on the requirements of the 
situation—Appendix (5), showing the Traffic Weekly Report Sheet, 
may be of use as a basis for making up a return sheet. 

46. There is one point, however, that requires consideration, and that 
is the question of timing trains. 

47. If the trains depart regularly from a station or pass any point 
at a particular hour, sooner or later it will be discovered by the enemy, 
and the trains will in time be shelled. Should the amount of traffic 
justify running the trains by schedule, it is advisable to vary the time, 
say 4 hour each night. 

48. Artillery, R.E., and Infantry Brigades using the tramways for 
transport, should be supplied with a key to the schedule given to the 
Station Master. 

49. Such names as “ Great Eastern,’ “ Great Central,’ etc., should 
not be used, as they give no indication as to the locality of the line. 
The name adopted should be that of some point or points given on a map, 
in the neighbourhood of the line. 

50. A dug-out should always be constructed near the terminus of 
all lines, where a reliable N.C.O. and one man should be posted, with 
telephonic communication with the main loading stations. 

51. All traffic control and indicating posts should be painted on sheet 
iron or tin, and mounted on angle-iron pickets, otherwise they are likely 
to be burnt by troops in cold weather. 

52. It is important that there should be no dumps along the lines 
within the range of constant enemy shell fire. Any material likely to 
be left during daylight should be carried and dumped some distance 
from the line. It is also important that no trucks should be left on the 
line during daylight. They would at once attract the attention of the 
enemy to the fact that the lines were being used and were of sufficient 
importance to be worth their attention. 

53. It has been found by experience that, on the whole, tramways 
or light railways are not of very great assistance for transporting field- 
gun ammunition farther forward than ammunition refilling point, especi- 
ally as the R.F.A. usually have ample animal transport available for 
this purpose. 

54. Under certain conditions, such as the water-logged condition of 
the ground in the neighbourhood of their guns, tramlines are very 
useful to them ; but in this case it would be better to supply them with 
the material and let them lay their own branch lines from the main lines. 
It should be impressed on them that care must be taken not to let their 
limbers damage the line. 


XI.—TRAMWAY TRAFFIC REGULATIONS. 
55. The following Traffic Regulations are only for tramlines where 
trucks are man-handled :— 


(a) The priority given to traffic will be decided by the G.S. from time 
to time, as regards :— 
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(1.) Wounded. 

(ii.) Rations. 

(i1i.) R.E. Material. 
(iv.) Ammunition, etc. 


(6) Allotment of Rolling Stock. 

A receipt will be signed by each person to whom a truck is 
issued, and he will be held responsible for the return of the 
truck the same night it is used. 

The N.C.O.’s have instructions to report to the Officer i/c 
any non-compliance with this order. 

Damage to the line will not be accepted as an excuse for non- 
return of empty trucks, as they can be easily man-handled over 
any temporary break in the line. 


(c) Number of Trucks available. 
sSieteciiones trucks in good working order. 


(2) Loading of Trucks. 
Care must be taken to distribute the weight as evenly as 
_possible. The load should in no case exceed 1 ton. 


(e) Damaged Rolling Stock. 
The N.C.O. i/c is responsible that any trucks not in good 
working order, or damaged in any way, are reported immedi- 
ately to the Officer i/c. 
He will also see that trucks are constantly examined, and 
properly greased, and that only trucks in good condition leave 
the yard. 


(f) Dumping of Trucks. 
On no account must trucks be thrown off the rails and left 
lying beside the track. 


(g) Repairs to Track. 
Any damage caused by enemy shell fire or other cause should 
be immediately reported to the N.C.O. 1/c by those using the 
tramway. 


(h) Wilful Damage. 
The tramline is not to be used as a footway for troops without 
permission. 
Anyone found damaging signs or control posts or any of 
the tramway property will be immediately reported. 
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CONSTRUCTION AND MAINTENANCE REPORT. 


New Lines 
Completed 


(2) 
New Sidings 
(3) 
Lines Relaid 
(4) 

Track Repairs 


(5) 
Track Ballasted 
(6) 


Material 
Indented for 


ore se 
Material Received 
(8) 
Number of 


Trucks Repaired 


Number of New 
Trucks Received 


NoTEeE.— 


LO EE EE —_ 
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REMARKS. 


Div. Tramway Officer. 


1) Here insert length of line completed, and state between what point, using 
Map Reference. 

Here describe siding showing length and position, etc. 

Here show position and length relaid and with what weight rail. 

Here describe nature of repairs and position. 

Here state position of track ballasted. 

Here state detail of material indented for. 

Here state detail of material received. 

Here state nature of repairs. 


APPENDIX III. 


COMPOSITION OF TRAMWAY TRACK, 9-LB. AND 20-LB. 


Tanizs “* A.” 


COMPOSITION OF TRACK SECTIONS, 20-LB. TRACK.—-TYPE A. 


5M. Sections. 24M. Sections. 


Material. - Qty. | Weight in Kilos. Weight in Kilos. 


Unit. Total. 
Rails... sag 2 25°1 50 
Steel Sleepers ... 3 9°8 29 
Wood Ties 2 26°3 53 
Clipe . xs 12 “I I 
Clip-Bolts bg 20 ‘O07 I 
Track Spikes ... 8 "14 f 
Fish-Plates 2 2°7 5 
Fish-Bolts 8 08 I 


Total... 


Tansy ** B."’ 


COMPOSITION OF TRACK SECTIONS, 20-LB. TRACK.—TYPE - B. 


5M. Section. 24M. Section. 


Material. Qty. | Weight in Kilos. Weight in Kilos. 
—_——| Qty. |———— 
Steel Sleepers 5 
Ching. 5 sis in 20 
Clip-Bolts cae 20 
Fish-Plates 2 
Fish- Bolts ose 8 
Total 


74a **.C.” 


COMPOSITION OF ONE MILE OF 20-LB. TRACK. 


1 mile consists of the following track sections :— 


50M. = 10 Sections; 5M. curved to 30M. radius. 
IOOM:. =3 4D .,, 2.50M. _,, ~~ 30M... ., 
JO0M = 20° 5M s in SOM. 4, 
50M. = 10 ,, 5M Pr ;, 200M... ;; 
1050M. = 210 _,, 5M. _ straight. 
260M... = 04 -,; 2.50M. straight. 


All 24M. Sections to have 5 steel sleepers. 
All 5M. ” ” ” 9 a” ” 
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TABLE “ D.” 


COMPOSITION OF TRACK SECTIONS, 9-LB. TRACK.—TYPE “ P,’’ OLD COMPOSITION. 


Sleepers 
Joint-Plates 
Clutch-Bolts 


Total wt. in Kilos 


TABLE “ E.”’ 


COMPOSITION OF TRACK SECTIONS, 9-LB. TRACK.—TYPE “‘ Q.”’ 


5 Metres. 2°5 Metres. 
Weight in Kilos. Weight in Kulos. 
~ | unit. | Total. 
Rails 


2 22 
Sleepers 5 5 
Joint-Plates I 5 
Clutch-Bolts 4 I 
Total wt. in Kilos 33 
e 

TABLE “ F.”’ 


COMPOSITION OF ONE MILE OF 9Q-LB. TRACK. 


TYPE ae p.”’ 
1 mile consists of the following track sections :— 


290 Sections, 5 M. Straight == 1450 M. 
64 ,, 2:50 M. ,, = 160 ,, 
40 ,, 2°50 M. Curved, 

15M.R = 100 ,, 
12 Turnouts = 60 ,, 
177° » 
TYPE ae Q.” 
I mile consists of the following track sections :— 

280 Sections, 5 M. Straight = 1400 M 
64 nf 2:50 M. Straight = 160 ,, 
60 z 2°50 M. Curved, 

15 M. R. = 150 ,, 
12 Turnouts = 60 
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CHAPTER I. 


GENERAL RETROSPECT. 
I. INTRODUCTION. 


In 1914 the Bntish Expeditionary Force, equipped and trained for 
mobile warfare, was provided with no technical engineering units 
to deal with the larger problems of Water Supply, Electricity, 
Machinery, or Workshops in front of the L. of C. All these are 
natural elements of a state of siege or stationary operations, and 
such a state developed very early in the war with every appearance 
of obtaining for a long time. The lack of specialist units was not 
immediately felt owing to the small size of the original Army, and, 
as regards water supply, to the fact that the Army occupied an area 
where surface water was abundant. With the steadily increasing 
number of troops, and the consequent extension of fronts, with 
demands for all sorts of trench warfare contrivances, and require- 
ments of a higher degree of comfort in living conditions, the want of 
skilled personnel, which had early been foreseen by the R.E. staff, 
became apparent to all. Several causes, however, militated against 
the formation of new units, principally the difficulty of keeping up 
the supply of purely fighting men, added to an innate conservatism, 
which ever looked for an early resumption of moving warfare. 
However, the problem of water supply during the Somme battle 
of 1916 brought matters to a head, and resulted in the formation 
during the winter 1916—7 of an Electrical and Mechanical Company, 
R.E., for each Army, followed during the summer of 1917 by a 
similar number of Army Workshop Companies, R.E. These units 
provided a much-needed nucleus organization, but their numbers 
were never adequate for the work they were called on to perform, 
and the E. and M. Companies especially were constantly over- 
strained and overworkcd. 

The French and Belgian Armies were poorly provided with 
technical personnel or material, and depended mainly on the remains 
of their civil organizations, and on stores sent up from the Base. 

The Germans were, of course, able to make great use of the 
engineering resources of the occupied territory. The formation of 
technical engineering units in their fighting Armies proceeded, as 
far as is known, on very similar lines to our own, and at approximately 
the same periods of the War. 
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The new American Army, which was mainly built on deductions 
drawn from British needs, provided a far more numerous and 
elaborate technical organization than that of any other nation, 
showing that the enormous and ever-growing importance of the 
mechanical side of modern warfare was recognized. 

It is to be earnestly hoped that any scheme for future British 
Armies will provide on the most liberal scale for the personnel 
and equipment that are required if the fighting man is to be given, 
as he deserves, the full aid of modern science. It is a truism that 
war is becoming daily more mechanical, and it is useless to expect 
that muscle and morale unaided can compete with properly directed 
science and engineering. 


2. PRE-WAR ORGANIZATION. 


The Royal Engineer organization in the original Expeditionary 
Forces was framed on the fundamental (but fallacious) principle 
that no “ Works” of any importance would be required forward 
of L.of C. In Field Service Regulations, Part I, the word ‘‘ Works ”’ 
did not appear at all, whilst in Part II the only direct reference was 
in the duties of the Director of Works, which related only to Works 
on the L. of C. 

The units provided to work on the L. of C. were :— 


(a2) A small ‘“‘ Works” Company, the establishment of which 
was based on the provision of— 
(it) An Advanced Works Depot at one or more Advanced 
Bases. 
(ii) A Headquarters, including a small Base Depét, and 
(ii1) A Works Depét and Workshop at some convenient 
locality in front of the Advanced Bases. 


The requisite machinery for a small Workshop was provided, 
consisting of :— 


One 15eh.p. oil engine, circular and band saw benches, screwing, 
drilling, and joiners’ machines with belting, shafting, etc. 

No transport was allowed ; such as might be required was 
to be furnished under orders of the I.G.C. 


(5) Two ‘‘ Fortress ’’ Companies, each of which was practically 
the equivalent of a headquarters and two sections of a 
Field Company. The total establishment of a company 
was only 103, and the transport, consisting of limbered 
and tool carts, was only suitable for the carriage of ordinary 
field works tools and equipment—no heavy or special 
technical stores were allowed for. 
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Stores —The provision of all R.E. stores, tools, etc., was one of 
the duties of the Army Ordnance Department. In the special 
‘‘ War Reserves ’’ were included under the heading of ‘‘ Engineering 
Equipment for Demolitions, Water Supply, Entrenching and Siege 
Requirements ”’ :— 


124 tons barbed wire, 

10 8-h.p. oil engines, 

I 15-h.p. vertical oil engine, 

2 36-in. circular saw benches, 

17 deep well pumps, 

a few pile drivers and lifting jacks, belting, shafting, etc., 
in addition to all ordinary Unit tools and stores. 


3. Earty WAR DEVELOPMENTS. 


The 29th ‘‘ Works’ Company, R.E., arrived in France in fhe 
middle of August, 1914, followed a fortnight later by the 2oth 
Fortress Company, and early in September by the 42nd Fortress 
Company. These were the three companies allotted to L. of C., 
but in the middle of September the exigencies of the military 
situation caused the two Fortress Companies to be sent up to the 
Aisne, where they were employed on bridging and other work. 
They were subsequently transformed into ‘‘ Army Troops ’”’ com- 
panies, and became finally lost to L. of C. Very early in 1915 
part of the 29th Company was brought up to do works at G.H.Q., 
where it was afterwards all assembled and re-named ‘‘ Advanced 
Park Company,’ and the personnel of the newly formed Advanced 
R.E. Parks was attached to it. The later vicissitudes of this 
company, as well as the formation of new units for work on L. of C. 
and at Bases, is fully described in the volume dealing with ‘‘ Work 
under the Director of Works,”’ and will not be further dealt with in 
this section, which is only concerned with work in Army areas. 


Army Troops Companies.—Before the end of 1914 every regular 
Fortress Company that could possibly be spared from both home 
and foreign stations was put through a special course of training 
and mobilized for active service. The establishment of these 
companies was similar to that of the L. of C. Fortress Companies 
already described. Both establishment and equipment underwent 
various changes during the War. The first alterations were made 
in November, 1914, when certain amendments were made in the 
technical equipment with a view to heavy bridging work in the 
future. In February, 1915, motor-cycles were obtained for 
certain companies which were employed on road and _ bridge 
work, this being the first introduction of mechanical trans- 
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port. In July, 1915, the establishment was increased by the 
addition of forty other ranks, and further alterations were made 
both in the equipment and transport, the latter being greatly im- 
proved by the addition of two 3-ton motor lorries, and three motor- 
cycle combinations. At the same time the name was changed to 
Army Troops Company. A number of other minor changes were 
made from time to time, and proposals were put forward several 
times for the amalgamation of two or three companies into one 
large Company. In the latter part of the War proposals were also 
put forward to transform certain companies into special Heavy 
Bridging Companies. For various reasons, however, none of these 
major alterations were put into effect. 

Three companies arrived in France in December, 1914, and two 
of these, the 25th from Hong Kong, and the 31st from Ceylon. 
were kept for some time at G.H.Q. to prepare heavy bridging 
equipment, and to carry out experimental work in connection with 
the erection of bridge spans. There was a steady flow of fresh 
companies from England all through 1915-6. Forty-eight were 
in France before the opening of the first Somme battle, at which 
time they were responsible for practically all the “‘ Works ” in Army 
areas. Water supply, workshops, electric work, maintenance and 
repair of machinery, roads, and hutting, outside the purely Divisional 
areas, were almost entirely carried out by, or under the direction of, 
Army Troops companies. The total number in France at the end 
of the War was fifty-eight. 


Stege Companies.—Before the War each of the Royal Anglesey 
and the Royal Monmouth Special Reserve R.E. had one Siege 
Company, the establishment of which was practically double that 
of a regular Fortress Company. These two Siege Companies arrived 
in France in November, 1914. Two additional companies were 
raised in December, 1914, and a further two in 1g16. Their employ- 
ment was gencrally similar to that of Fortress Companies. 

The most interesting of the early developments in mechanical 
warfare certainly came from the R.E. Workshops in the First and 
Second Armies, both of which, born of ‘‘ sheer necessity—the proper 
parent of an art so nearly allied to invention,’ grew from the smallest 
beginnings to exercise a permanent and unforgettable influence on 
trench fighting. 

Their work is described in the next Chapter. 


CHAPTER II. 
WORKSHOPS. 
4. BETHUNE “ Boma Factory.” 


DurinG November, 1914, the Indian Corps was engaged in hard 
trench fighting at very close quarters on the La Bassée front, and 
the engineers of the Corps evolved a trench mortar firing a cylindrical 
bomb, and various patterns of hand grenades. These were all 
manufactured by local labour at a large civil workshop in Béthune 
belonging to MM. Piteux and Flament. 

When the First British Corps relieved the Indian Corps on the 
zoth December, a small detachment of the 26th Field Company, 
under Lieut. H. H. Bateman (now Major H. H. Bateman, D.s.0., 
M.C.), was detailed to take over these works and supervise the civilian 
labour. At first the ‘‘ Bomb Factory ”’ concentrated on the supply 
of grenades, trench mortars, and trench mortar bombs, supplying, 
as far as possible, all troops in the neighbourhood. The output of 
Battye grenades quickly reached 1,000-1,500 per day. Demands 
very soon arose for further trench articles such as grenade carriers, 
trench scoops, trench pumps, observation plates, etc., etc., and 
remarkable enterprise and ingenuity were displayed in meeting 
these demands. The fame of the bomb factory very soon spread, 
and Staff Officers from all formations within reach would arrive, 
clamouring for new devices. The output of the factory was open 
to all comers, and few visitors went away empty-handed : even if 
they could not get what they came for, it was seldom that they 
did not find something else to take away with them. 

Immediately after the first German gas attack at Ypres, the 
First Army called for a supply of gas masks. The bomb factory, 
temporarily augmented by a company of infantry and one section 
of the 31st Company R.E., produced 60,000 masks within a week. 
The principle was that of the chloroform mask :— 
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The wire frames were made on wooden shapers, the cross-wire (a) 
being twisted on separately. The frame was covered with three 
thicknesses of flannel (to be dipped in ‘‘ hypo ” solution) and attached 
by means of tapes round the back of the head. 

The muddy and water-logged trenches on the La Bassée front 
called urgently for numbers of small portable pumps. A simple 
and efficacious pattern was designed and made in considerable 
quantities. This pump, which is illustrated on Plate I, remained 
a standard article throughout the war. 

In preparation for the Festubert attack in May, 1915, large 
quantities of wooden 60-cm. tramway track were made, together 
with numbers of trucks. At the same time 30-ft. Bangalore torpedoes 
in three sections were turned out in considerable numbers. A petrol 
bomb, intended for driving Germans out of cellars, was designed. 
This was ignited by sodium contained in a weighted glass tube, 
which burst on reaching the® ground, allowing the sodium to be 
acted on by a small quantity of water mixed with the petrol. This 
acted well in demonstration, but there is no record of its actual use 
in battle. The consumption of grenades during the battle of 
Festubert was very great, and far exceeded the possible output of 
the factory. Arrangements were therefore made for an increased 
output, the effect of which was that no less than 80,000 were issued 
at the battle of Loos. 

About a fortnight before this battle 15 tons of red phosphorus 
were sent to the First Army; a successful smoke bomb for the 
3:7 trench mortar was adapted from the existing explosive bomb, 
and tested within the day, a specification and order for 10,000 
cases being wired to the Base the same night. The cases were filled 
at Lillers, and the bombs were used with good effect at the battle 
in forming a smoke screen. 

The wet weather during the battle of Loos brought to light very 
forcibly the defects of the Nobel and Bickford fuse lighters, and as 
a result many experiments were carried out at the bomb factory 
to evolve a friction lighter of the “ pull-out’ type. A satisfactory 
article was produced, but no large number was manufactured, owing 
to the arrival in increasing numbers of the Mills grenade. In order 
to increase the range of the Mills grenade, which could only be 
thrown by hand 30-35 yards, a cup attachment was designed for 
fixing to the muzzle of the rifle (Plate II). A 4-in. rod to fit the 
barrel was burred slightly at one end to prevent the rod dropping 
down the barrel, and when fired with a rifle grenade cartridge acted 
as a pusher rod, and projected the grenade a distance of 60 yards 
with accuracy. Large quantities of these cups and rods were 
made, and used with success in raids, etc. 

In October, 1915, orders were received to manufacture ‘‘ Newton ”’ 
rifle grenades. By this time hand grenades were no longer being 
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made, and within one month of the date of order 1,000 Newton 
grenades, perfectly safe in action, were being dispatched to units 
each day, a rate of manufacture which continued until July, 1916. 

The system of firing rifle grenades with the aid of the clinometer 
was not very successful, and the following device was produced at 
the bomb factory : 

A compact wooden stand, to hold the rifle firmly at a fixed elevation 
of 45°, was fixed on a traversing base; the length of the grenade 
was varied by altering the length of the grenade rod inserted in the 
rifle barrel. A stick graduated in ranges was provided with each 
box of Newton Grenades sent out from the bomb factory, a rubber 
band being slid up the grenade rod to form a stop at a distance 
corresponding with the range required. 

One of the most successful productions of the bomb factory was 
a muzzle-pivoting machine-gun mounting, of which, after months 
of experimenting, large numbers were turned out during the winter 
of 1915-16. This is shown on Plate III. Other articles which were 
produced in considerable numbers were :— 


Rifle sniperscopes. 

Lewis gun sniperscopes (Plate IV). 

Fixed rifle rests (Plate V). 

Expanding wire entanglements. 

Trench boards. . 

Mine cases. 

Mobile charges (Plate VI). 

Special loophole plates for use with telescopic sighted rifles. 
Bangalore torpedoes. 

Watering carts. 


Every opportunity was taken in manufaeture to make use of 
common and existing materials, thus :—mobile charges were made 
up in various sizes of cordite tins ; special loophole plates were cut 
from sta). jard plates by oxy-acetylen: lame; 4-pourder shrapnel 
boxes we: used for packing rifle grenades ; fuse-lighter bodies were 
cut down S.A.A. cartridge-cases ; trench mortar barrels were made 
of boiler tubing, and their elevating gear of the screw rod passing 
through American-made 18-pounder shrapnel boxes; agricultural 
shovels were converted into trench scoops, and beetroot forks into 
sandbag forks. 

The above are only a few of the multifarious products of these 
shops. Many articles that finally became standard trench warfare 
weapons first appeared in embryo in the Béthune bomb factory, 
and there can be few things that were not at some time or other 
made there during 1915 and Ig16. 

R 
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Factory Personnel—Labour for the workshops was always a 
difficulty. The civil artificers were gradually withdrawn, whilst 
the work steadily increased. It was not until the formation of 
Army Workshop Companies, in 1917, that there was any authorized 
establishment, and for the whole of the first two-and-a-half years 
men had to be obtained where and when they could. About the 
end of 1915 the administration of the factory was taken over by 
the Chief Engineer, First Army, when the name was changed to 
First Army R.E. Workshop, and rather more stable conditions as 
regards labour became possible. However, the numbers constantly 
fluctuated, as various Divisions entered and left the Army area, 
each sending its quota of men from time to time. During June, 
1916, additional men were brought in from the Infantry, making 
the total establishment roughly 250, at about which figure it remained 
until July, 1917. 


5. SECOND ARMY WORKSHOPS. 


What the bomb factory was to the troops in the southern part 
of the British front, the Second Army Workshops were to the units 
in Flanders and the north. Their orngin dated from Apmil, 1915, 
and was as follows :— 

Capt. H. Newton, of the Ist/5th Sherwood Foresters, with some 
of the men of his company, had devised and manufactured a rifle 
grenade aiming-rest in the smithy at Kemmel during “ rest ’’ periods 
from treneh duties. This met with such success that he was ordered 
to find suitable premises in which to manufacture upon a larger 
scale. The workshops at the Ecole Nationale, Armentiéres, were 
found to comprise machine, wood-working, sheet and hot metal 
shops, with steam power plant, all well equipped. The design and 
manufacture of grenade aiming-rests, rifle batteries, sniperscopes 
and trench mortars was at once commenced and, a local brass 
foundry proving to be quite inadequate, four brass furnaces were 
designed and built, each capable of melting 200 lb. of brass or 
cast iron. 

At this juncture the workshops were taken over by the Chief 
Engineer, Second Army, so that the various devices manufactured 
might be available for the whole of the Second Army troops. 

Capt. Newton, with 45 tradesmen from the Infantry of the 46th 
Division, took over these shops during May; and a little later 
various small detachments of tradesmen from Territorial Infantry 
units, with two officers, were sent to assist. At the same time 
about 20 civilians were engaged, a number which much increased 
later on. The workshops then became known as “ Second Army 
Workshops,”’ but, of course, had no official establishment, and 
experienced exactly the same difficulties and changes as have 
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already been described in the case of the First Army Workshops. 
The work carried out was very similar to that at Bethune, but the 
greater mechanical resources at Armentiéres, and later on at Haze- 
brouck, enabled rather more highly technical work to be done. 
At first the manufacture in bulk of grenades and bombs was not 
attempted, production being confined to general trench stores, 
and a daily output was soon reached of :— 


200 Bayonet Periscopes, 
50 Box Periscopes, 
40 Sniperscopes, 
in addition to varying numbers of the following :— 
Rifle batteries, 
Machine-gun pivot mountings, 
Hand carts, 
Knobkerries (Plate VII), 
Rifle rests, 
Trench and O.P. flash spotters. 


These stores were issued direct to Divisions, demands always 
being far in excess of the supply. 

Practically all material, such as iron, screws, bolts, small tools, 
etc., were purchased locally, owing to the great difficulty and delay 
in obtaining them through official channels. 

In June and July, 1915, experiments were carried out with a view 
to designing a rifle grenade which would be capable of being produced 
locally in quantity, and the result was the ‘‘ Newton Pippin Grenade,” 
which entailed only slight machine processes. (Plate VIII.) For 
the manufacture of these grenades, and to meet increasing demands 
for castings which could not be undertaken at the small foundry 
at the Ecole, the Ferry Foundry in Armentiéres, which had been 
abandoned, was taken over, and additional civilian labour engaged. 
A neighbouring house was also obtained, where women were employed 
on core making. Experiments were carried on at the same time in 
order to produce a simple hand grenade, which resulted in the 
highly successful Pippin hand grenade (Plate IX). Following the 
production of the Pippin rifle grenade the No. 107 fuse was devised, 
which provided the troops with the first practical wire-cutting fuse. 
Used sparingly until the Somme offensive, so as not to lose the 
advantage of surprise effect, it was afterwards turned out in very 
large quantities in England under the name of ‘“ No. 107 Newton 
fuse,” ease of manufacture being an additional important feature. 
Other work was done on a spherical based trench mortar, the shells 
of which were of unmachined cast iron with stamped gas checks 
cast in. The first mortars cast in Armentiéres were of brass, obtained 
chiefly from old shell-cases and S.A.A. empties. 
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In August, 1915, owing to increased shelling, it was thought 
advisable to remove the machinery, and a suitable site was found 
in Hazebrouck. Existing buildings were converted into fitters’, 
tinsmiths’, machine, and carpenters’ shops, and additional structures 
were erected for the forge, foundry, and erecting shops; whilst at 
a later date extra fitting shops and pump repair as well as manu- 
facturing shops were built. Two fields near the new works afforded 
space for magazines and huts, in which were done the loading, 
finishing, and packing of grenades. Further quantities of machine 
tools, internal combustion engines, foundry equipment, etc., were 
obtained locally, so that the new workshops were both larger and 
better equipped than the old ones. Most of the original civilian 
workers moved to Hazebrouck with the shops, and many others 
were engaged, the number employed at one time amounting to 950. 
Female labourers were trained and were found particularly good, 
especially in the work of core making, or repetition moulding work ; 
also in the explosive sheds; filling and packing grenades, etc. The 
work carried on at Hazebrouck was similar to that at Armentiéres, 
but with a greater proportion of experimental work, in the course 
of which especially important improvements were made in connection 
with trench mortars. In addition to articles already enumerated, 
large numbers of the following were made, and became 
standardized :— 


Thermos boxes (Plate X). 

Buried cable markers. 

Torpedo tubes. 

Anti-aircraft mountings for machine-guns. 
Sights for ditto. 

Machine-gun depression and traversing stops. 
Signal discs. 

Sub-beds for various trench mortars (Plate XI). 
Newton beds for 2-in. trench mortars. 

Wheels, axles and bearings for tramway trollies. 
Folding field cookers. 
Clothing disinfectors. 

Cast-iron stoves. 

Cast-iron mining shoes. 

Hutting fitments. 

Trench pumps (Plate XII). 


In addition, manufacture as well as‘overhaul and repairs of power- 
driven pumping plant were regularly undertaken. 

When the Mills grenade began to arrive in large numbers, manu- 
facture of the Pippin hand grenade was given up, after some 80,000 
in all had been issued. 
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The output of the Pippin rifle grenade, however, was increased 
until it reached over 5,000 per day—700,000 altogether being 
turned out by the Second Army Workshops. 

The rifle grenade was also made in Merville, and a certain number 
of castings were obtained from Paris. A design was also sent to 
England, where it was produced in large numbers. 

Capt. H. Newton, D.s.o., who had been in charge of the Workshops 
from the first, left in September, 1917, to take up a whole-time 
appointment with the Trench Warfare Department in London, 
having been lent to that Department by G.H.Q. for intermittent 
periods from early in 1916. 

Further details regarding many of the trench warfare devices 
that originated in both First and Second Army Workshops will be 
found in the account of the work of the Experimental Section at 
G.H.Q. which has been published in the R.E. Journal (September, 
1924 to September, 1925 inclusive). 


6. FORMATION OF ARMY WORKSHOP COMPANIES. 


The formation of five Army Workshop Companies, R.E., was 
officially approved in July, 1917, with an establishment as follows :— 


Personnel. 
Detail. ! q ss E S 
¢;, , 14.1] 3 S | 6 
8 (gies; e/a] 3] 3 
E = Bie | § 6 6 $ 
§ | z | ga] & eo) tee | as 
Headquarters — 3 I : 7 40 51 I 2* 
» -(attached) 6 6 
4Sections ... oes | 4 72 80 4 
ce (attached) 12 12 
oe ae Cer eeeee: (ee MERE. a 
Total (excl. attached)| 7 I II | It2 | 131 I 6 
Total (incl. attached) , I Ir | 130 | 149 I 6 
! 
| 


* With side car. 


One of the chief reasons for the formation of Army Workshop 
Companies was to do away with the large number of small workshops 
established by each and every unit of R.E., which were unavoidably 
extravagant in personnel, and wasteful of material. 

The First and Second Army Workshops, whose history is related 
above, and later the Third Army Workshops, were the only establish- 
ments of the kind that were permanent and run on a comprehensive 
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scale. The constant expansion and changes that were going on 
in the British Army during 1915 and 1916 made continuity of 
work or policy in shops belonging to units or smaller formations 
than Armies, quite impossible. With no authorized establishment, 
and no recognized source from which machinery could be drawn, 
every unit made its own arrangements in accordance with its needs 
and opportunities. Machinery was bought, or hired locally, at 
high rates. Registration and records both of plant and of contracts 
were very difficult to keep, and were frequently lost sight of. 
Further, each unit adopted, with the usual Bnitish individuality, 
its own pattern of store. The work had to be done, but in doing 
it there is no doubt that there was waste. It may be mentioned 
that to a great extent these workshops originated because of the 
need for articles that the Army Ordnance Department was unable 
to supply. A large proportion of their work at the first consisted 
in making Ordnance articles, e.z., grenades, fuse-lighters, flares, 
trench mortars, machine-gun rests, tables, chairs, forms, racks. 
In many respects Army Workshop Companies eliminated these 
drawbacks. During the summer and autumn of 1917 each of the 
five Armies was equipped with its Workshop Company. As soon 
as this had been done, instructions were issued from G.H.Q. for 
the closing down of all unit shops, and a great effort was made to 
standardize as far as possible both lay-out and output. 

Chief Engineers of Armies were left a free hand as regards the 
distribution of personnel at their disposal for work, and procedure 
in the various Armies differed considerably. 

The establishment of a Company was drawn up on the general 
basis of an Army of three Corps, the Headquarters and one Section 
to run an Army Shop, whilst each of the other three Sections would 
be available to run a Corps Shop. Actually this system did 
not meet with general approval, and in practice it may be said 
only to have worked satisfactorily when it was possible to group 
the Corps shops together. This was certainly done successfully 
in one Army, but the general practice was decidedly to keep the 
Company as complete as possible and to centralize the work under 
Army direction. The establishment of a Company did not, of course, 
provide the requisite semi-skilled or unskilled labour, and various 
expedients were resorted to in order to augment the numbers. 
Reinforcement Companies, Labour Companies, Artisan Companies, 
and civil labour were all made use of, whilst in the latter part of 
the War very large numbers of German prisoners were employed, 
and found most useful. 

The career of all five companies was rudely interrupted by the 
German offensive in March, 1918. Every Company was forced to 
withdraw, and to remove its machinery. The First and Third 
Army Companies were able to do this without loss, but the other 


263 


three were all compelled to destroy or abandon a certain amount 
of plant. All that was salved was sent to the base, where, in the 
tremendous stress of work consequent on the withdrawal of the 
line, much of it was re-erected and incorporated in the Base 
Workshops. 

During the summer of 1918 Nos. 1, 2 and 3 Companies re-opened 
shops in back areas. No. 4 Company, owing to the fact that the 
Fourth Army was the first to commence the counter-offensive, 
was never able to re-establish its workshop. A certain number of 
men continued to work in the Base Shops, whilst the remainder 
of the Company was employed in temporary shops on work in 
connection with the advance. No. 5 Company had hardly re- 
started to function when the general advance began. It was 
ultimately established at Lille. 

After the Armistice No. 2 Company moved up to Cologne, but 
was accompanied by very little of its plant. The other Companies, 
in addition to demobilization and concentration camp work, were 
all employed in conducting courses and giving instruction in connec- 
tion with the Army education scheme. 


7. WORKSHOP PLANT AND MACHINERY. 


At the time of the formation of the Workshop Companies no 
standard lay-out of shops or allotment of machinery had been laid 
down, and, owing to the varying conditions under which the 
Companies were formed and had to work, it was almost impossible 
to adopt any standard. The advisability of such standardization 
was always recognized, and an opportunity occurred after the 
break-up of the Army shops in March, rq18. A Table of standard 
machinery for an Army Workshop was drawn up at G.H.Q. and 
circulated to all Chief Engineers for their remarks. 

The following was the E.-in-C.’s proposal :-- 


ARMY SHOPS, 


Wood Working Shops— 


2 48-in. benches, 

2 steam engines for above, 
2 36-in. benches, 

I 24-in. bench, 

2 24-in. swing saws, 

I gulleter, 

I 30-in. band saw, 

1 planer and thicknessing, 
I 12-in. lathe (wood). 
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Metal Working— 


4 smith’s hearths, 

I 54-in.-6-in. lathe, 

g-in. lathe, 

H.S. 3-in. drills, 

pillar drill, 

punch and shearing machine, 
hand screwing machine, 
shaping machine, 12-in.-16-in., 
power hack saw, 

14 H.P. engine, 

I wet and dry grinder, 

Shaftings 
Bearings 
Couplings 
Pulleys 


HS He HH Me we eS ND He 


Depend on lay-out of Shops. 


Corps SHOPS. 
Wood Working— 


1 48-in. bench, 

steam engine for above, 

36-in. benches, 

engines for above, 

24-in. bench, 

engine for above, 

gulleter, 
I 24-1In. swing saw. 

Metal Working— 
I smith’s hearth, 
I 54-in.—6-in. lathe ) To be driven off same engine as Wood- 
t HS. #-in. drill } working Shop. 
Shaftings 
Bearings 
Couplings 
Pulleys 


SH MH He NN fH 


Depend on lay-out of Shops. 


These establishments were drawn up with a view to getting the 
greater part, if not all, of ordinary standard articles manufactured 
in Base shops. The principles were discussed at a meeting at 
G.H.Q. and, although one Army considered the amounts to be 
totally inadequate, the general opinion was that, provided modifi- 
cations were allowed to suit varying conditions, the machinery 
suggested would just suffice in most circumstances. 

A small foundry was universally asked for, and the addition of 
one cupola for each Army Workshop was recommended. 

Owing to the change in the tactical situation these proposals 
could never be put into actual practice, and their sufficiency or 
otherwise was, therefore, not fairly tested. In contrast to the com- 
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paratively small amount suggested as a standard, the following 
list shows the machinery that was installed and in actual use in 
the First Army Workshops at Fouquereuil, after their removal 


from Bethune in April, 1918 :— 
Saw Mills— 

1 18-in. circular cross-cut saw, 
2 26-in. circular rip saws, 
I pendulum swing saw, 
1 large band saw, 
I small band saw, 
Boring and mortising machine, 
2 thicknessmmg machines, 
Spindle or moulding machine, 
Circular saw-sharpening machine, 
Band saw sharpening machine, 
Grindstone, belt-driven, 
Wood planing machine. 


Pattern Shop— 
Wood turning lathe, 9-gin. (double screw), 
is 5 »  9-gin. (single screw), 
Small band saw, 
Small grindstone, belt-driven, 
Wood planing machine. 
Machine Shop— 
3 lathes, 9}-in., 
I lathe, turret head, hand, 
I lathe, small, hand-feed, 
2 lathes, screw cutting, 
2 lathes, small American, screw cutting, 
Drilling machine, I-in., 
3 drilling machines, 3-in., 
3 drilling machines, sensitive, 
Pipe screwing machine, 
2 shaping machines, 16-in. stroke, 
Milling machine, small, 
Slotting machine, 6-in. stroke, 
Emery and buffing wheels, 
Shearing and punching machine, light, 
a - sg os , heavy, 
Grindstone, large, 
Lathe, small, 
Lathe, large face plate, 
Metal planing machine and vice. 
Foundry— 
Sand mill, 
Tumbler machine, 
Centrifugal fan, No. 3, 
Jigger for riddling sand. 
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CONSTRUCTION AND MAINTENANCE REPORT. 


New Lines 
Completed 


(2) 
New Sidings 


(3) 
Lines Relaid 
(4) 

Track Repairs 


(5) 
Track Ballasted 


6) 
Material 
Indented for 


_—_(7) 
Material Received 


(3) 
Number of 
Trucks Repaired 


Number of New 
Trucks Received 


DIV. TRAMWAYS. WEEK ENDING......cccccccccccccscccccece 


REMARKS. 


SeceeeseseeehessevseseeseeeseseSeseseveeneeeseeeseserese 


Div. Tramway Officer. 


Note.—(1) Here insert length of line completed, and state between what point, using 


Map Reference. 


Here describe siding showing length and position, etc. 
Here show position and length relaid and with what weight rail. 
Here describe nature of repairs and position. 


Here state detail of material indented for. 
Here state detail of material received. 


(2) 
(3) 
(+) 
(5) Here state position of track ballasted. 
(6) 
(7) 
(3) 


Here state nature of repairs. 


APPENDIX III. 


COMPOSITION OF TRAMWAY TRACK, 9-LB. AND 20-LB. 


TaAsee AS 


ce ”” 


COMPOSITION OF TRACK SECTIONS, 20-LB. TRACK.—-TYPE § A. 


5M. Sections. 24M. Sections. 
Material. © Qty. | Weight in Kilos. Weight in Kilos. 
Unit. | Total. Unit. | Total. 
Rails... ies 2 2 25°1 50 
Steel Sleepers ... 5 3 9°8 29 
Wood Ties 4 2 26°3 53 
Clips: sss 20 12 “I I 
Clip-Bolts ve 20 20 ‘O07 I 
Track Spikes ... 16 8 "14 I 
Fish-Plates 2 2 2°7 5 
Fish-Bolts 8 8 08 I 
Total... Kilos I4I 


TASLE ** 3’ 


, 


COMPOSITION OF TRACK SECTIONS, 20-LB. TRACK.—TYPE “ B.’ 


5M. Section. 24M. Section. 


Qty. | Weight in Kilos. Weight in Kilos. 


Material. 
————| Qty. |—__—_ 
Unit. | Total. Unit. | Total. 
Rails... ‘iw 50-2 100 2 : 50 
Steel Sleepers 9°8 88 5 49 
Clips. ass “10 4 20 2 
Clip-Bolts 07 I 20 I 
Fish-Plates 2°79 5 2 5 
Fish- Bolts -08 I 8 I 
Total Kilos 199 108 
Tams “CS 


COMPOSITION OF ONE MILE OF 20-LB. TRACK. 


1 mile consists of the following track sections :— 


50M. = 10 Sections; 5M. curved to 30M. radius. 
100M. = 40 ,, S:50M, .;, ¢ SOM. a; 
100M. = 20 _,, 5M. - », 50M. ,, 
50M. = Io ,, 5M. a “6 IGOM:. 4; 
1050M. = 210 ,, 5M. _ straight. 
260M. = 104 _,, 2.50M. straight. 


All 24M. Sections to have 5 steel sleepers. 
All 5M. ” ”” ” 9 ’” ” 


245 


TABLE “ D.”’ 


COMPOSITION OF TRACK SECTIONS, 9-LB. TRACK.—TYPE “‘ P,’’ OLD COMPOSITION. 


2°5 Metres. 


Material. 


Sleepers 
Joint-Plates 
Clutch-Bolts 


Total wt. in Kilos 


TABLE “ E.” 


COMPOSITION OF TRACK SECTIONS, 9-LB. TRACK.—TYPE ‘‘ Q.”’ 


5 Metres. 2°5 Metres. 


Weight in Kilos. Weight in Kilos. 


Rails... 22 
Sleepers 5 
Joint-Plates 5 
Clutch-Bolts I 
Total wt. in Kilos 33 


TABLE ‘“ F.” 


COMPOSITION OF ONE MILE OF 9Q-LB. TRACK. 


TYPE eé p.”’ 
1 mile consists of the following track sections :— 


290 Sections, 5 M. Straight = 1450 M. 
64 Ss, 2:50M. ,, = 160 ,, 
40 ,, 2°50 M. Curved, 

15 M. R = Ioo ,, 
12 Turnouts = 6o ,, 
177° » 
TYPE €¢ Q.” 
1 mile consists of the following track sections :— 

280 Sections, 5 M. Straight = 1400 M. 
64 i 2:50 M. Straight = 160 ,, 
60 2:50 M. Curved, 

15 M. R. = I§50 ,, 
12 Turnouts = 60 ,, 
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CHAPTER I. 


GENERAL RETROSPECT. 
I. INTRODUCTION. 


In 1914 the British Expeditionary Force, equipped and trained for 
mobile warfare, was provided with no technical engineering units 
to deal with the larger problems of Water Supply, Electricity, 
Machinery, or Workshops in front of the L. of C. All these are 
natural elements of a state of siege or stationary operations, and 
such a state developed very early in the war with every appearance 
of obtaining for a long time. The lack of specialist units was not 
immediately felt owing to the small size of the original Army, and, 
as regards water supply, to the fact that the Army occupied an area 
where surface water was abundant. With the steadily increasing 
number of troops, and the consequent extension of fronts, with 
demands for all sorts of trench warfare contrivances, and require- 
ments of a higher degree of comfort in living conditions, the want of 
skilled personnel, which had early been foreseen by the R.E. staff, 
became apparent to all. Several causes, however, militated against 
the formation of new units, principally the difficulty of keeping up 
the supply of purely fighting men, added to an innate conservatism, 
which ever looked for an early resumption of moving warfare. 
However, the problem of water supply during the Somme battle 
of 1916 brought matters to a head, and resulted in the formation 
during the winter 1916-7 of an Electrical and Mechanical Company, 
R.E., for each Army, followed during the summer of 1017 by a 
similar number of Army Workshop Companies, R.E. These units 
provided a much-needed nucleus organization, but their numbers 
were never adequate for the work they were called on to perform, 
and the E. and M. Companies especially were constantly over- 
strained and overworked. 

The French and Belgian Armies were poorly provided with 
technical personnel or material, and depended mainly on the remains 
of their civil organizations, and on stores sent up from the Base. 

The Germans were, of course, able to make great use of the 
engineering resources of the occupied territory. The formation of 
technical engineering units in their fighting Armies proceeded, as 
far as is known, on very similar lines to our own, and at approximately 
the same periods of the War. 
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The new American Army, which was mainly built on deductions 
‘drawn from British needs, provided a far more numerous and 
elaborate technical organization than that of any other nation, 
showing that the enormous and ever-growing importance of the 
mechanical side of modern warfare was recognized. 

It is to be earnestly hoped that any scheme for future British 
Armies will provide on the most liberal scale for the personnel 
and equipment that are required if the fighting man is to be given, 
as he deserves, the full aid of modern science. It is a truism that 
war is becoming daily more mechanical, and it is useless to expect 
that muscle and morale unaided can compete with properly directed 
science and engineering. 


2. PRE-WAR ORGANIZATION. 


The Royal Engineer organization in the original Expeditionary 
Forces was framed on the fundamental (but fallacious) principle 
that no “‘ Works’ of any importance would be required forward 
of L.of C. In Field Service Regulations, Part I, the word ‘‘ Works ”’ 
did not appear at all, whilst in Part II the only direct reference was 
in the duties of the Director of Works, which related only to Works 
on the L. of C. 

The units provided to work on the L. of C. were :— 


(2) A small ‘‘ Works ’’ Company, the establishment of which 
was based on the provision of— 
(1) An Advanced Works Depot at one or more Advanced 
Bases. 
(1) A Headquarters, including a small Base Depot, and 
(1) A Works Depét and Workshop at some convenient 
locality in front of the Advanced Bases. 


The requisite machinery for a small Workshop was provided, 
consisting of :— 


One 15-h.p. oil engine, circular and band saw benches, screwing, 
drilling, and joiners’ machines with belting, shafting, etc. 

No transport was allowed; such as might be required was 
to be furnished under orders of the I.G.C. 


(b) Two ‘‘ Fortress ’’ Companies, each of which was practically 
the equivalent of a headquarters and two sections of a 
Field Company. The total establishment of a company 
was only 103, and the transport, consisting of limbered 
and tool carts, was only suitable for the carriage of ordinary 
field works tools and equipment—no heavy or special 
technical stores were allowed for. 
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Stores —The provision of all R.E. stores, tools, etc., was one of 
the duties of the Army Ordnance Department. In the special 
‘‘ War Reserves ’’ were included under the heading of ‘“‘ Engineering 
Equipment for Demolitions, Water Supply, Entrenching and Siege 
Requirements ”’ :— 


124 tons barbed wire, 

10 8-h.p. oil engines, 

I 15-h.p. vertical oil engine, 

2 36-in. circular saw benches, 

17 deep well pumps, 

a few pile drivers and lifting jacks, belting, shafting, etc., 
in addition to all ordinary Unit tools and stores. 


3. EARLY WAR DEVELOPMENTS. 


The 29th ‘“‘ Works’ Company, R.E., arrived in France in the 
middle of August, 1914, followed a fortnight later by the 2oth 
Fortress Company, and early in September by the 42nd Fortress 
Company. These were the three companies allotted to L. of C., 
but in the middle of September the exigencies of the military 
situation caused the two Fortress Companies to be sent up to the 
Aisne, where they were employed on bridging and other work. 
They were subsequently transformed into ‘‘ Army Troops ” com- 
panies, and became finally lost to L. of C. Very early in 1915 
part of the 29th Company was brought up to do works at G.H.Q., 
where it was afterwards all assembled and re-named ‘‘ Advanced 
Park Company,” and the personnel of the newly formed Advanced 
R.E. Parks was attached to it. The later vicissitudes of this 
company, as well as the formation of new units for work on L. of C. 
and at Bases, is fully described in the volume dealing with ‘‘ Work 
under the Director of Works,’’ and will not be further dealt with in 
this section, which is only concerned with work in Army areas. 


Army Troops Companies —Before the end of 1914 every regular 
Fortress Company that could possibly be spared from both home 
and foreign stations was put through a special course of training 
and mobilized for active service. The establishment of these 
companies was similar to that of the L. of C. Fortress Companies 
already described. Both establishment and equipment underwent 
various changes during the War. The first alterations were made 
in November, 1914, when certain amendments were made in the 
technical equipment with a view to heavy bridging work in the 
future. In February, 1915, motor-cycles were obtained for 
certain Companies which were employed on road and_ bridge 
work, this being the first introduction of mechanical trans- 
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port. In July, 1915, the establishment was increased by the 
addition of forty other ranks, and further alterations were made 
both in the equipment and transport, the latter being greatly im- 
proved by the addition of two 3-ton motor lorries, and three motor- 
cycle combinations. At the same time the name was changed to 
Army Troops Company. A number of other minor changes were 
made from time to time, and proposals were put forward several 
times for the amalgamation of two or three companies into one 
large Company. In the latter part of the War proposals were also 
put forward to transform certain companies into special Heavy 
Bridging Companies. For various reasons, however, none of these 
major alterations were put into effect. 

Three companies arrived in France in December, 1914, and two 
of these, the 25th from Hong Kong, and the 31st from Ceylon, 
were kept for some time at G.H.Q. to prepare heavy bridging 
equipment, and to carry out experimental work in connection with 
the erection of bridge spans. There was a steady flow of fresh 
companies from England all through 1915-6. Forty-eight were 
in France before the opening of the first Somme battle, at which 
time they were responsible for practically all the ‘‘ Works ” in Army 
areas. Water supply, workshops, electric work, maintenance and 
repair of machinery, roads, and hutting, outside the purely Divisional 
areas, were almost entirely carried out by, or under the direction of, 
Army Troops companies. The total number in France at the end 
of the War was fifty-eight. 


Siege Com panies——Before the War each of the Royal Anglesey 
and the Royal Monmouth Special Reserve R.E. had one Siege 
Company, the establishment of which was practically double that 
of a regular Fortress Company. These two Siege Companies arrived 
in France in November, 1914. Two additional companies were 
raised in December, 1914, and a further two in 1916. Their employ- 
ment was generally similar to that of Fortress Companies. 

The most interesting of the early developments in mechanical 
warfare certainly came from the R.E. Workshops in the First and 
Second Armies, both of which, born of ‘‘ sheer necessity—the proper 
parent of an art so nearly allied to invention,”’ grew from the smallest 
beginnings to exercise a permanent and unforgettable influence on 
trench fighting. 

Their work is described in the next Chapter. 


CHAPTER II. 
WORKSHOPS. 
4. BETHUNE “ Boms Factory.” 


DurR1nG November, 1914, the Indian Corps was engaged in hard 
trench fighting at very close quarters on the La Bassée front, and 
the engineers of the Corps evolved a trench mortar firing a cylindrical 
bomb, and various patterns of hand grenades. These were all 
manufactured by local labour at a large civil workshop in Béthune 
belonging to MM. Piteux and Flament. 

When the First British Corps relieved the Indian Corps on the 
20th December, a small detachment of the 26th Field Company, 
under Lieut. H. H. Bateman (now Major H. H. Bateman, D.s.0., 
M.C.), was detailed to take over these works and supervise the civilian 
labour. At first the ‘‘ Bomb Factory ’’ concentrated on the supply 
of grenades, trench mortars, and trench mortar bombs, supplying, 
as far as possible, all troops in the neighbourhood. The output of 
Battye grenades quickly reached 1,000-1,500 per day. Demands 
very soon arose for further trench articles such as grenade carriers, 
trench scoops, trench pumps, observation plates, etc., etc., and 
remarkable enterprise and ingenuity were displayed in meeting 
these demands. The fame of the bomb factory very soon spread, 
and Staff Officers from all formations within reach would arrive, 
clamouring for new devices. The output of the factory was open 
to all comers, and few visitors went away empty-handed : even if 
they could not get what they came for, it was seldom that they 
did not find something else to take away with them. 

Immediately after the first German gas attack at Ypres, the 
First Army called for a supply of gas masks. The bomb factory, 
temporarily augmented by a company of infantry and one section 
of the 31st Company R.E., produced 60,000 masks within a week. 
The principle was that of the chloroform mask :— 


Nal 
Leah 


Flannel‘ covered 
(3 Layers) 
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The wire frames were made on wooden shapers, the cross-wire (a) 
being twisted on separately. The frame was covered with three 
thicknesses of flannel (to be dipped in ‘‘ hypo ” solution) and attached 
by means of tapes round the back of the head. 

The muddy and water-logged trenches on the La Bassée front 
called urgently for numbers of small portable pumps. A simple 
and efficacious pattern was designed and made in considerable 
quantities. This pump, which is illustrated on Plate I, remained 
a standard article throughout the war. 

In preparation for the Festubert attack in May, 1915, large 
quantities of wooden 60-cm. tramway track were made, together 
with numbers of trucks. At the same time 30-ft. Bangalore torpedoes 
in three sections were turned out in considerable numbers. A petrol 
bomb, intended for diving Germans out of cellars, was designed. 
This was ignited by sodium contained in a weighted glass tube, 
which burst on reaching the® ground, allowing the sodium to be 
acted on by a small quantity of water mixed with the petrol. This 
acted well in demonstration, but there is no record of its actual use 
in battle. The consumption of grenades during the battle of 
Festubert was very great, and far exceeded the possible output of 
the factory. Arrangements were therefore made for an increased 
output, the effect of which was that no less than 80,000 were issued 
at the battle of Loos. 

About a fortnight before this battle 15 tons of red phosphorus 
were sent to the First Army; a successful smoke bomb for the 
3:7 trench mortar was adapted from the existing explosive bomb, 
and tested within the day, a specification and order for 10,000 
cases being wired to the Base the same night. The cases were filled 
at Lillers, and the bombs were used with good effect at the battle 
in forming a smoke screen. 

The wet weather during the battle of Loos brought to light very 
forcibly the defects of the Nobel and Bickford fuse lighters, and as 
a result many experiments were carried out at the bomb factory 
to evolve a friction lighter of the ‘‘ pull-out’ type. A satisfactory 
article was produced, but no large number was manufactured, owing 
to the arrival in increasing numbers of the Mills grenade. In order 
to increase the range of the Mills grenade, which could only be 
thrown by hand 30-35 yards, a cup attachment was designed for 
fixing to the muzzle of the rifle (Plate II). A 4-in. rod to fit the 
barrel was burred slightly at one end to prevent the rod dropping 
down the barrel, and when fired with a rifle grenade cartridge acted 
as a pusher rod, and projected the grenade a distance of 60 yards 
with accuracy. Large quantities of these cups and rods were 
made, and used with success in raids, etc. 

In October, 1915, orders were received to manufacture ‘“‘ Newton ” 
rifle grenades. By this time hand grenades were no longer being 
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made, and within one month of the date of order 1,000 Newton 
grenades, perfectly safe in action, were being dispatched to units 
each day, a rate of manufacture which continued until July, 1916. 

The system of firing rifle grenades with the aid of the clinometer 
was not very successful, and the following device was produced at 
the bomb factory : 

A compact wooden stand, to hold the rifle firmly at a fixed elevation 
of 45°, was fixed on a traversing base; the length of the grenade 
was varied by altering the length of the grenade rod inserted in the 
rifle barrel. A stick graduated in ranges was provided with each 
box of Newton Grenades sent out from the bomb factory, a rubber 
band being slid up the grenade rod to form a stop at a distance 
corresponding with the range required. 

One of the most successful productions of the bomb factory was 
a muzzle-pivoting machine-gun mounting, of which, after months 
of experimenting, large numbers were turned out during the winter 
of 1915-16. This is shown on Plate III. Other articles which were 
produced in considerable numbers were :— 


Rifle sniperscopes. 

Lewis gun sniperscopes (Plate IV). 

Fixed rifle rests (Plate V). 

Expanding wire entanglements. 

Trench boards. > 

Mine cases. 

Mobile charges (Plate VI). 

Special loophole plates for use with telescopic sighted rifles. 
Bangalore torpedoes. 

Watering carts. 


Every opportunity was taken in manufaeture to make use of 
common and existing materials, thus :—mobile charges were made 
up in various sizes of cordite tins ; sprcial loophole plates were cut 
from sta). iard plates by oxy-acetylen: tiame; 4-pounder shrapnel 
boxes we: used for packing rifle grenades ; fuse-lighter bodies were 
cut down S.A.A. cartridge-cases ; trench mortar barrels were made 
of boiler tubing, and their elevating gear of the screw rod passing 
through American-made 18-pounder shrapnel boxes; agricultural 
shovels were converted into trench scoops, and beetroot forks into 
sandbag forks. 

The above are only a few of the multifarious products of these 
shops. Many articles that finally became standard trench warfare 
weapons first appeared in embryo in the Béthune bomb factory, 
and there can be few things that were not at some time or other 
made there during 1915 and rg16. 

R 
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Factory Personnel——Labour for the workshops was always a 
difficulty. The civil artificers were gradually withdrawn, whilst 
the work steadily increased. It was not until the formation of 
Army Workshop Companies, in 1917, that there was any authorized 
establishment, and for the whole of the first two-and-a-half years 
men had to be obtained where and when they could. About the 
end of 1915 the administration of the factory was taken over by 
the Chief Engineer, First Army, when the name was changed to 
First Army R.E. Workshop, and rather more stable conditions as 
regards labour became possible. However, the numbers constantly 
fluctuated, as various Divisions entered and left the Army area, 
each sending its quota of men from time to time. During June, 
1916, additional men were brought in from the Infantry, making 
the total establishment roughly 250, at about which figure it remained 
until July, 1917. 


5. SECOND ARMY WORKSHOPS. 


What the bomb factory was to the troops in the southern part 
of the British front, the Second Army Workshops were to the units 
in Flanders and the north. Their origin dated from April, 1915, 
and was as follows :— 

Capt. H. Newton, of the 1st/5th Sherwood Foresters, with some 
of the men of his company, had devised and manufactured a rifle 
grenade aiming-rest in the smithy at Kemmel during “ rest ”’ periods 
from treneh duties. This met with such success that he was ordered 
to find suitable premises in which to manufacture upon a larger 
scale. The workshops at the Ecole Nationale, Armentiéres, were 
found to comprise machine, wood-working, sheet and hot metal 
shops, with steam power plant, all well equipped. The design and 
manufacture of grenade aiming-rests, rifle batteries, sniperscopes 
and trench mortars was at once commenced and, a local brass 
foundry proving to be quite inadequate, four brass furnaces were 
designed and built, each capable of melting 200 lb. of brass or 
cast iron. 

At this juncture the workshops were taken over by the Chief 
Engineer, Second Army, so that the various devices manufactured 
might be available for the whole of the Second Army troops. 

Capt. Newton, with 45 tradesmen from the Infantry of the 46th 
Division, took over these shops during May; and a little later 
various small detachments of tradesmen from Territorial Infantry 
units, with two officers, were sent to assist. At the same time 
about 20 civilians were engaged, a number which much increased 
later on. The workshops then became known as “ Second Army 
Workshops,’ but, of course, had no official establishment, and 
experienced exactly the same difficulties and changes as have 
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already been described in the case of the First Army Workshops. 
The work carried out was very similar to that at Bethune, but the 
greater mechanical resources at Armentiéres, and later on at Haze- 
brouck, enabled rather more highly technical work to be done. 
At first the manufacture in bulk of grenades and bombs was not 
attempted, production being confined to general trench stores, 
and a daily output was soon reached of :— 


200 Bayonet Periscopes, 
50 Box Periscopes, 
40 Sniperscopes, 
in addition to varying numbers of the following :— 
Rifle batteries, 
Machine-gun pivot mountings, 
Hand carts, 
Knobkerries (Plate VII), 
Rifle rests, 
Trench and O.P. flash spotters. 


These stores were issued direct to Divisions, demands always 
being far in excess of the supply. 

Practically all material, such as iron, screws, bolts, small tools, 
etc., were purchased locally, owing to the great difficulty and delay 
in obtaining them through official channels. 

In June and July, 1915, experiments were carried out with a view 
to designing a rifle grenade which would be capable of being produced 
locally in quantity, and the result was the ‘‘ Newton Pippin Grenade,”’ 
which entailed only slight machine processes. (Plate VIII.) For 
the manufacture of these grenades, and to meet increasing demands 
for castings which could not be undertaken at the small foundry 
at the Ecole, the Ferry Foundry in Armentiéres, which had been 
abandoned, was taken over, and additional civilian labour engaged. 
A neighbouring house was also obtained, where women were employed 
on core making. Experiments were carried on at the same time in 
order to produce a simple hand grenade, which resulted in the 
highly successful Pippin hand grenade (Plate IX). Following the 
production of the Pippin nfle grenade the No. 107 fuse was devised, 
which provided the troops with the first practical wire-cutting fuse. 
Used sparingly until the Somme offensive, so as not to lose the 
advantage of surprise effect, it was afterwards turned out in very 
large quantities in England under the name of ‘‘ No. 107 Newton 
fuse,” ease of manufacture being an additional important feature. 
Other work was done on a spherical based trench mortar, the shells 
of which were of unmachined cast iron with stamped gas checks 
castin. The first mortars cast in Armentiéres were of brass, obtained 
chiefly from old shell-cases and $.A.A. empties. 
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In August, 1915, owing to increased shelling, it was thought 
advisable to remove the machinery, and a suitable site was found 
in Hazebrouck. Existing buildings were converted into fitters’, 
tinsmiths’, machine, and carpenters’ shops, and additional structures 
were erected for the forge, foundry, and erecting shops; whilst at 
a later date extra fitting shops and pump repair as well as manu- 
facturing shops were built. Two fields near the new works afforded 
space for magazines and huts, in which were done the loading, 
finishing, and packing of grenades. Further quantities of machine 
tools, internal combustion engines, foundry equipment, etc., were 
obtained locally, so that the new workshops were both larger and 
better equipped than the old ones. Most of the original civilian 
workers moved to Hazebrouck with the shops, and many others 
were engaged, the number employed at one time amounting to 950. 
Female labourers were trained and were found particularly good, 
especially in the work of core making, or repetition moulding work ; 
also in the explosive sheds ; filling and packing grenades, etc. The 
work carried on at Hazebrouck was similar to that at Armentic¢res, 
but with a greater proportion of experimental work, in the course 
of which especially important improvements were made in connection 
with trench mortars. In addition to articles already enumerated, 
large numbers of the following were made, and _ became 
standardized :— 


Thermos boxes (Plate X). 

Buried cable markers. 

Torpedo tubes. 

Anti-aircraft mountings for machine-guns. 
Sights for ditto. 

Machine-gun depression and traversing stops. 
Signal discs. 

Sub-beds for various trench mortars (Plate XI). 
Newton beds for 2-in. trench mortars. 

Wheels, axles and bearings for tramway trollies. 
Folding field cookers. 
Clothing disinfectors. 

Cast-iron stoves. 

Cast-iron mining shoes. 

Hutting fitments. 

Trench pumps (Plate XII). 


In addition, manufacture as well as‘overhaul and repairs of power- 
driven pumping plant were regularly undertaken. 

When the Mills grenade began to arrive in large numbers, manu- 
facture of the Pippin hand grenade was given up, after some 80,000 
in all had been issued. 
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The output of the Pippin nfle grenade, however, was increased 
until it reached over 5,000 per day—7o00,000 altogether being 
turned out by the Second Army Workshops. 

The rifle grenade was also made in Merville, and a certain number 
of castings were obtained from Paris. A design was also sent to 
England, where it was produced in large numbers. 

Capt. H. Newton, D.s.o., who had been in charge of the Workshops 
from the first, left in September, 1917, to take up a whole-time 
appointment with the Trench Warfare Department in London, 
having been lent to that Department by G.H.Q. for intermittent 
periods from early in 1916. 

Further details regarding many of the trench warfare devices 
that originated in both First and Second Army Workshops will be 
found in the account of the work of the Experimental Section at 
G.H.Q. which has been published in the R.E. Journal (September, 
1924 to September, 1925 inclusive). 


6. FORMATION OF ARMY WORKSHOP COMPANIES. 


The formation of five Army Workshop Companies, R.E., was 
officially approved in July, 1917, with an establishment as follows :— 


Personnel. 
a) : 
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. (attached) 6 
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* With side car. 


One of the chief reasons for the formation of Army Workshop 
Companies was to do away with the large number of small workshops 
established by each and every unit of R.E., which were unavoidably 
extravagant in personnel, and wasteful of material. 

The First and Second Army Workshops, whose history is related 
above, and later the Third Army Workshops, were the only establish- 
ments of the kind that were permanent and run on a comprehensive 
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scale. The constant expansion and changes that were going on 
in the British Army during 1915 and 1916 made continuity of 
work or policy in shops belonging to units or smaller formations 
than Armies, quite impossible. With no authorized establishment, 
and no recognized source from which machinery could be drawn, 
every unit made its own arrangements in accordance with its needs 
and opportunities. Machinery was bought, or hired locally, at 
high rates. Registration and records both of plant and of contracts 
were very difficult to keep, and were frequently lost sight of. 
Further, each unit adopted, with the usual Bntish individuality, 
its own pattern of store. The work had to be done, but in doing 
it there is no doubt that there was waste. It may be mentioned 
that to a great extent these workshops originated because of the 
need for articles that the Army Ordnance Department was unable 
to supply. A large proportion of their work at the first consisted 
in making Ordnance articles, e.z., grenades, fuse-lighters, flares, 
trench mortars, machine-gun rests, tables, chairs, forms, racks. 
In many respects Army Workshop Companies eliminated these 
drawbacks. During the summer and autumn of 1917 each of the 
five Armies was equipped with its Workshop Company. As soon 
as this had been done, instructions were issued from G.H.Q. for 
the closing down of all unit shops, and a great effort was made to 
standardize as far as possible both lay-out and output. 

Chief Engineers of Armies were left a free hand as regards the 
distribution of personnel at their disposal for work, and procedure 
in the various Armies differed considerably. 

The establishment of a Company was drawn up on the general 
basis of an Army of three Corps, the Headquarters and one Section 
to run an Army Shop, whilst each of the other three Sections would 
be available to run a Corps Shop. Actually this system did 
not meet with general approval, and in practice it may be said 
only to have worked satisfactorily when it was possible to group 
the Corps shops together. This was certainly done successfully 
in one Army, but the general practice was decidedly to keep the 
Company as complete as possible and to centralize the work under 
Army direction. The establishment of a Company did not, of course, 
provide the requisite semi-skilled or unskilled labour, and various 
expedients were resorted to in order to augment the numbers. 
Reinforcement Companies, Labour Companies, Artisan Companies, 
and civil labour were all made use of, whilst in the latter part of 
the War very large numbers of German prisoners were employed, 
and found most useful. 

The career of all five companies was rudely interrupted by the 
German offensive in March, 1918. Every Company was forced to 
withdraw, and to remove its machinery. The First and Third 
Army Companies were able to do this without loss, but the other 
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three were all compelled to destroy or abandon a certain amount 
of plant. All that was salved was sent to the base, where, in the 
tremendous stress of work consequent on the withdrawal of the 
line, much of it was re-erected and incorporated in the Base 
Workshops. 

During the summer of 1918 Nos. 1, 2 and 3 Companies re-opened 
shops in back areas. No. 4 Company, owing to the fact that the 
Fourth Army was the first to commence the counter-offensive, 
was never able to re-establish its workshop. A certain number of 
men continued to work in the Base Shops, whilst the remainder 
of the Company was employed in temporary shops on work in 
connection with the advance. No. 5 Company had hardly re- 
started to function when the general advance began. It was 
ultimately established at Lille. 

After the Armistice No. 2 Company moved up to Cologne, but 
was accompanied by very little of its plant. The other Companies, 
in addition to demobilization and concentration camp work, were 
all employed in conducting courses and giving instruction in connec- 
tion with the Army education scheme. 


7. WORKSHOP PLANT AND MACHINERY. 


At the time of the formation of the Workshop Companies no 
standard lay-out of shops or allotment of machinery had been laid 
down, and, owing to the varying conditions under which the 
Companies were formed and had to work, it was almost impossible 
to adopt any standard. The advisability of such standardization 
was always recognized, and an opportunity occurred after the 
break-up of the Army shops in March, 1a18. A Table of standard 
machinery for an Army Workshop was drawn up at G.H.Q. and 
circulated to all Chief Engineers for their remarks. 

The following was the E.-in-C.’s proposal :—- 


ARMY SHOPS. 


Wood Working Shops— 


2 48-in. benches, 

2 steam engines for above, 
2 36-in. benches, 

I 24-in. bench, 

2 24-In. swing saws, 

I gulleter, 

I 30-in. band saw, 

I planer and thicknessing, 
I 12-in. lathe (wood). 


Metal Working— 


4 smith’s hearths, 

I 54-in.-6-in. lathe, 

g-in. lathe, 

H.S. #-in. drills, 

pillar drill, 

punch and shearing machine, 
hand screwing machine, 
shaping machine, 12-in.-16-in., 
power hack saw, 

14 H.P. engine, 

I wet and dry grinder, 

Shaftings 
Bearings 
Couplings 
Pulleys 
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Depend on lay-out of Shops. 


Corps SHOPS. 
Wood Working— 


I 48-in. bench, 
steam engine for above, 
36-in. benches, 
engines for above, 
24-in. bench, 
engine for above, 
gulleter, 

I 24-In. Swing saw. 
Metal Working— 

I smith’s hearth, 

I 54-1n.—6-in. lathe ) To be driven off same engine as Wood- 
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1 H.S. Z-in. drill working Shop. 
Shaftings 

Bearings : 

Couplings Depend on lay-out of Shops. 
Pulleys 


These establishments were drawn up with a view to getting the 
greater part, if not all, of ordinary standard articles manufactured 
in Base shops. The principles were discussed at a meeting at 
G.H.Q. and, although one Army considered the amounts to be 
totally inadequate, the general opinion was that, provided modifi- 
cations were allowed to suit varying conditions, the machinery 
suggested would just suffice in most circumstances. 

A small foundry was universally asked for, and the addition of 
one cupola for each Army Workshop was recommended. 

Owing to the change in the tactical situation these proposals 
could never be put into actual practice, and their sufficiency or 
otherwise was, therefore, not fairly tested. In contrast to the com- 
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paratively small amount suggested as a standard, the following 
list shows the machinery that was installed and in actual use in 
the First Army Workshops at Fouquereuil, after their removal 


from Bethune in April, 1918 :— 
Saw Muills— 

1 18-in. circular cross-cut saw, 
2 26-in. circular rip saws, 
I pendulum swing saw, 
1 large band saw, 
I small band saw, 
Boring and mortising machine, 
2 thicknessfng machines, 
Spindle or moulding machine, 
Circular saw-sharpening machine, 
Band saw sharpening machine, 
Grindstone, belt-driven, 
Wood planing machine. 


Pattern Shop— 

Wood turning lathe, 9-in. (double screw), 
Pe re g-#in. (single screw), 
Small band saw, 
Small grindstone, belt-driven, 
Wood planing machine. 


Machine Shop— 

3 lathes, 9}-in., 

1 lathe, turret head, hand, 

I lathe, small, hand-feed, 

2 lathes, screw cutting, 

2 lathes, small American, screw cutting, 

Drilling machine, I-in., 

3 drilling machines, #-in., 

3 drilling machines, sensitive, 

Pipe screwing machine, 

2 shaping machines, 16-in. stroke, 

Milling machine, small, 

Slotting machine, 6-in. stroke, 

Emery and buffing wheels, 

Shearing and punching machine, light, 
‘ fs ‘5 , , heavy, 

Grindstone, large, 

Lathe, small, 

Lathe, large face plate, 

Metal planing machine and vice. 
loundry— 

Sand mill, 

Tumbler machine, 

Centrifugal fan, No. 3, 

Jigger for riddling sand. 
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Smiths’ Shop— 


Shearing and punching machine, belt-driven, 
Centrifugal fan and expansion chamber, 

14 smiths’ hearths and fittings, 

2 oxy-acetylene welding and cutting plants. 


Tinsmiths’ Shop— 
2 shearing and punching machines, 
Sheet metal roller, 
Jinny for sheet metal, 
Stamping machine, 
Stencil machine, 
Corrugated-iron rolling machine, 
Large rolling machine for sheet iron. 


8. TYPES AND QUANTITIES OF OUTPUT. 


There were certain more or less standardized articles which, 
although theoretically supplied from the Base, were, in practice, 
made in large numbers by all Army Workshops. 

The output of trench boards, revetting frames, light portable 
hutting, mining frames, etc., etc., could never be sufficiently large 
to meet all demands, and there was seldom a period when manu- 
facture of such articles was not in full swing. Outside the standard 
“manufactures there was an enormous variety of output, varying 
in different Armies according to the ideas both of the workers and 
the users. . 

Records of the early days of the First and Second Army Work- 
shops have not been preserved. 

The following is a list of special work in hand by No. 2 Workshop 
Company during the third week in March, 1918 :— 


At the Hazebrouck Workshops— 


3 wooden air filter boxes. 

30 C.I. egg bombs. 

20 6-in. wheels, 10 7-ft. lengths track. 
4-1n. stove pipe elbows, and 4 4-in. cowls. 
W.I. pulley, 2 ft. 4-in. dia. 

iron pulley to pattern. 

C.I. pulley, 1 valve spindle. 

C.I. pulley, 21-in. dia. 

W.S. split pulley, 20-in. dia, 1 coupling. 
pullies, 30-in. dia. 

pulley, 12-in. dia. 

pulley, 8-in. dia. 

wooden pulley, 15-in. dia. 

C.1. rings. 

ore out bush for timber devil. 
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Af the Hazebrouck Workshops (continued) — 


6 sets brakework for timber devil. 

172 notice boards painted. 

658 notice plates painted. 

50 notices, ‘‘ Out of bounds to all troops.’ 
2 sets stencils, alphabet and numbers. 
1 barrel for Hazebrouck pump. 

1 brass split bush. 

1 drill socket. 

21 firebars, C.I., 4 ft. x in. long. 

200 washers, stamped 1 to 200. 

26 sets reinforced bars for ferro-concrete. 
1 stove for 40 men. 

50 ft. 5-in. stove pipe, 1 elbow, 4 cowls. 
24 steam disinfector chambers. 

Repair disinfector. 

6 bench rollers. 

16 Longfield pivot M.G. mountings. 

4 6-in. Newton T.M. sub-beds. 

2 6-in. ditto. 

24 lengths pipe, 1}-in., 6 stopcocks, I4-in. 
I large gear wheel, cast and machined. 
IO outside pipe casings. 

14 water-heating coils. 

I water-heating coil fitted to stove. 

5 pendulum saws. . 

2000 buried cable washers, painted both sides. 
8 cutting shoes for 6-in. casing. 

150 buffer straps. 

Repairs to two Japy Engines. 

Rebore 3 bearings and 1 pulley. 

I part for National Gas engine. 

I set pivot block for gulleting machine. 

150 sets C.I. drawbars brackets, 50 sets drawbars. 
50 C.I. brake shows, 50 brake levers. 

6 lengths raft track. 

Cast 12 large and 12 small brass bushes. 

1 axle and boxes for devil cart. 

I small hand-power punching machine. 

Supply 3-speed feed-gear for logging saw. 

Sight for A.A. gun. 

I grouting machine. 

2 iron castings, machined and bored. 

24 sets angle-irons for T.M. sub-beds. 

Repair 1 pair raves for G.S. wagon. 

4 box trucks, 16-1n. gauge. 

1o dug-out air filter pumps and fans. 

Fittings for calibrating screens. 

I2 corrugated-iron chlorinators. 
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At the Hazebrouck Workshops (continued) — 


Repair crankshaft. 

12 link mountings for M.G. 
10 small hand pumps. 
expl. Lewis M.G. filler. 


wood planing machine. 
cast-iron bending machine. 
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Abeele Workskhops—Made during week :— 


Ablution benches 
Latrine sheds—2-seater Se 
Mule track (special), 3 ft. 3 in. 
Trench boards, r ft. 6 in. 
Trench frames 
Trench panels 
Map boards 
Mining lengths 
», Spreaders 
Hardwood cleats . 
Holes bored in hardwood cleats: 
Hutting, 30 ft. x 15 ft. 
ree 30 ft. x 15 ft. 
Forms ek 
Bridges, Infantry 
Trucks, ammunition 
9 G.S. flat 
Horse troughs (wood) 
pe », (iron) 
Pit prop matting 


At the Bailleul Workshops— 


Latrine boxes, 4-seat 
Bucket covers... : 
Trench boards, 1 ft. 6 in. 
Trench frames 

» panels 
Camp boards - 
Miners’ lamps, re- charged 
Mining track 

» lengths 

» blocks 

spreaders 

Keys “ 
Hutting, 40 ft. x ‘15 ft. 63 in. 
Doors - sas 
Windows ... 


band saw with travelling frame, dia. wheel 34 in. 
band saw with travelling frame, dia. wheel 35 in. 
band saw with travelling frame, dia. wheel 36 in. 
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The following Table gives a list of the standardized articles issued 
from the Hazebrouck Workshops, showing OEE). etc., during 
one week in March, 1918 :— 


Stock in 
ipti i into Issues - os 
made and stocked at | eadof (tockduring Durmg | Remaiaiig 
Hazebrouck. preceding week. week. 
week. 
Periscopes, bayonet sacl 23948 — —- 2343 
box wit nat 349 © — — 349 
Alidades periscopic me 29 — I 28 
i» ‘telescopic... ee 2 — I r 
M.G. muzzle pivot mountings 93 _- — 93 
,, anti-aircraft mountings — — —-- — 
,, elevating gears oe 39 _. ~~ 39 
,, bases M.P. mountings 52 — — 52 
,, flash obscurer, Lewis... 55 —- — 55 
r » oo» Maxim 34 = i 34 
,,  snhipérscopes, Lewis ... 20 — — 20 
,,  sub-target devices... 18 — — 18 
,,  rowlock rests ... ve 33 — — 33 
,, drum carriers, Lewis 40 — — 40 
,, depression stops ie — — — --- 
Rifle sniperscopes ... oe 04 — — 94 
», rowlock rests ... fuk 9 — — 9 
», grenade aiming rests 1 2 — 15 
batteries ‘xi vhs 7 2 — 9 
2-i in. trench mortar beds ... 12 —- -- 12 
2-in. trench mortar elevat- 
ing gear re ~ I — — I 
Miners’ trucks converted wits 45 — 2 43 
Sheet iron casing, ft. run 6in.| 850 —- 212 638 
C.I. shoes, Mks. I, II & III | 2781 350 1200 1931 
,, firebars . its : — — — — 
Hand carts ... oe ies 5 6 6 5 
Wheelbarrows ‘3 IO — 2 S 
C.I. wheels, axles and bear- 
MIS: ass ae eel — — = 
Stoves, ‘‘ oil drum ”’ ans 18 64 21 61 
» piping, 4-in. sus —_ I000 168 832 
» piping, 4-in. bends 82 100 aI 161 
Rifle grenades, ‘‘ Pippin ”’ — — —: as 
2 és »,  (phos.) — — — — 
r o © (hit) — si fod _ 
Mills rifle grenade firing rods, 33000 — ans 33000 
,», Tifle grenade cup attach- 
ments ae vr — — 3 a 
,, Split pin extractors ... 150 --- — 150 


Knobkerries si w+| 3294 = = 3294 


—_- T 
atch ‘ _ ( WHY ‘e) e 
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Table giving a list of the standardized articles issued from the 


Hazebrouck Workshops— (continued). 


Stock in 


Description of Articles hand at | Taken into Issues 

made and stocked at end of jstockduring; durng 

Hazebrouck. preceding week, week. 
week. 


Remaining 
on date. 


Message carrying shells, 3-in. 

Stokes ... a 100 — — 
Bangalore torpedoes, ‘ft. run| 300 — — 
Trench scoops ae on — — 


», cookers és ss0) . 103 — — 
Revetting bodkins and 
anchors - ; 12 — = 
Hoops for F rench wire 
entanglement ... 7 — aan 
Canadian pack saddles ___... 10 a — 
Megaphones ...| 150 — an 
Signalling fans, folding rn — = 
Junction test boxes — 43 —_ — 
Wall corks, 4 ft. 6 in. in dia. — ae _ 
Thermos cases ; ee 20 — — 


Hooks, bolts, Nissen ‘hits ete Eee =— Pe 


The First Army Workshop Company gives the following as a 
typical output during one month of 1918 whilst active operations 


were in progress :— 


48 tons of castings, 
152 light railway wagons of 1I-ton capacity, 
30000 Newton rifle grenades, 
30000 trench boards, 
180 anti-aircraft machine-gun sights, 
80 anti-aircraft mountings for machine-guns, 
420 oil drum stoves, 
2800 lengths of 4-in. stove piping, 
500 stove pipe elbows, 


together with a number of miscellaneous orders of 
ageregate value. 


considerable 


CHAPTER III. 
ELECTRICAL AND MECHANICAL COMPANIES, R.E. 
g. INTRODUCTION. 


The general causes that led to the formation of special Electrical 
and Mechanical Companies have already been explained. 

The question was first raised officially in September, 1915, when 
a request was sent to the War Office for a special Company to be 
raised for service in France. This was done, the personnel being 
drawn from the London Electrical Engineers, T.F., and the Tyne 
Electrical Engineers, T.F., and the Company, which was called 
No. 1 (London and Tyne) Electrical and Mechanical Company, T.F. 
arrived in France during December, 1915. 

This company at first worked chiefly in the First and Second 
Army areas, where there was a number of civil electric power 
circuits, and in which, being the longest occupied, a considerable 
amount of other machinery had already been installed. 

Early in 1916 preparations for the Somme offensive necessitated 
a section of this company being sent to the Fourth Army, where 
it established special water supply repair shops. 

After the formation of the Fifth Army during the battle, this 
section had to be reinforced, and the shops were duplicated. 

Towards the end of 1916, when authority was obtained for the 
formation of an Electrical and Mechanical Company in each Army, 
the whole of the personnel and equipment of No. 1 (London and 
Tyne) Company, was absorbed, the shops and staff already existing 
generally forming the nucleus of a new Company. 

About the same time as No. r (London and Tyne) Company 
was formed, two special Land Drainage Companies, R.E., were 
raised, and sent to France for the purpose of carrying out drainage 
operations on a large scale in the low-lying areas north of the La 
Bassée canal. These companies consisted partly of special drainage 
workers from the fen districts, and partly of mechanics to run the 
pumping plant. The highly-trained mechanical personnel of these 
companies was found most valuable and, during 1916, in the First 
Army at least, a scheme had been drawn up by which they would 
take charge of all mechanical plant installed in the Army area. 

On the formation of the Army E. and M. Companies in December 
1916, all the mechanical personnel from the Land Drainage Com- 
panies was transferred to the new companies, and the remainder 
of the two Land Drainage Companies was amalgamated to form 
one Company on a new non-mechanical establishment. 
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Io E. AND M. COMPANIES—ORGANIZATION. 


The establishment that was authorized for an Electrical and 
Mechanical Company, R.E., is given in Appendix I. 

The duties of these Companies were roughly laid down as being 
‘“ Installation, operation and maintenance of all R.E. machinery 
in Army areas.’’ The expression “ R.E. machinery” was a very 
general one, and included practically all plant not definitely on unit 
establishments or belonging to special Directorates. In particular, 
machinery included that of water supply, electric lighting, and 
workshops (in most Armies the plant of the Army Workshop 
Company was excepted), and from time to time of laundries, Purchase 
Board R.A.S.C., and Forestry units, etc. 

The following extracts from instructions that were issued by the 
Chief Engineer of one Army give a good idea of the scope of the 
work that these companies were expected to undertake :-— 


* * * * * 


‘In order to carry out the work intended, it is essential that a well- 
defined system of dealing with machinery questions at both Army and 
Corps Headquarters should be laid down. 

The following system will be gradually introduced :— 


(a) The Electrical and Mechanical Company will take over the Army 
Workshops. It will be directly under the Chief Engineer, 
Army, and the officer-in-charge will be responsible to him 
that the machinery in the Army area is properly installed, 
inspected, and maintained. 


(b) A section of the Chief Engineer’s office at Army Headquarters 
will deal with all questions concerning stationary machinery. 


(c) An officer will be detailed by the Chief Engineer of each Corps as 
Corps Machinery Officer, who will be responsible to the C.E. of 
his Corps that the stationary machinery in the Corps area 
(including Workshops machinery, machinery in the charge of 
Divisions, Army Troops Companies, etc.) is properly installed 
and maintained. The Machinery Officer should be in close 
communication with the section of the Chief Engineer’s office 
at Army Headquarters, which will deal with machinery, as 
well as with the Ofhcer Commanding E. and M. Company. 


(d) Schemes for the installation of all new machinery will be submitted 
to the Chief Engineer of the Armv, who will utilize the services 
of the technical officers of the E. and M. Company in regard to 
the suitability of the plants proposed, and the method of 
installing them. Time and correspondence will be saved if 
the Machinerv Officers of Corps discuss these questions with the 
Othcer Commanding E. and M. Company prior to submission. 
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(e) Arrangements will be made at Army Headquarters for all new 
machinery.and materials to be supplied through the Workshops, 
also all spare parts, and the Officer Commanding E. and M. 
Company will determine the number of spares, etc., which will 
be kept at each installation for running repairs. 


(f) Aregister, giving details of all stationary machines in the Army, will 
be compiled at the Army Workshops, but this will not supersede 
the Corps Property Returns. The following forms are avail- 
able :— 

(i). Particulars of the machinery at each installation. 


(ii). Inspection reports. 
(iii). Weekly working reports (weekly log). 
From these returns the Workshops registers can be completed, 
- and kept up to date. 
Instructions regarding the filling in and rendering of these 
forms will be communicated to the Corps Machinery Officers, 
who will direct the Inspecting Staff-Sergeant Military Mechan-. 


ists. 


The personnel and equipment of the Workshops section of the E. and 
M. Company will enable it to carry out all ordinary repairs which arc 
beyond the scope of the men running the plants, or the personnel of R.E. 
or other units that may be in charge of installations. As it is the 
company that will be primarily responsible for the machinery, no 
alterations to plant should be made, no special fittings introduced, or 
additions, etc., undertaken, except after consultation with the Corps 
Machinery Officer, and the Officer Commanding E. and M. Company, the 
matter being referred to the C.E. Army, if necessary. Arrangements 
will be made to have such heavy repairs, renewals of plant and parts, 
as are beyond the scope of the Army Workshops, carried out by the 
Base Workshops, with which the O.C., E. and M. Company, will ordin- 
arily communicate direct. The O.C., E. and M. Company, will detail 
two subalterns, each in charge of a Mobile Workshops Section, one such 
section working for two Corps. These officers will keep in close touch 
with the Corps Machinery Officers. 

The Company establishment of engine drivers (total about 150) will 
not be sufficient to man all stationary power plants in the Army area. 
They will be distributed to Corps for driving selected plants, but it may 
be necessary for Corps to make up the deficiency, and provide the 
personnel for manning the machinery in Corps Workshops, machinery 
with Divisions, etc., detailing men from Army Troops Companies, or 
other units, as hitherto. The general system of dealing with all station- 
ary machinery is outlined in the preceding paragraph. The following 
paragraphs summarize the arrangements for carrying out the three 
functions as detailed by G.H.Q. (t.e., inspection, installation, working 

and maintenance). 

Inspection. The Officer Commanding E. and M. Company will be 
Inspecting Officer for all machinery in the Army area, including fixed 


S 


274 


machinery in the shops, pumping installations, etc. He will deal direct 
with the Machinery Officers of Corps, both regarding periodical 
inspections of all plants, and the rendering of inspection returns. 

Installation. The establishment of the E. and M. Company will not 
admit of its undertaking work of installing the machinery, but it should 
be possible to provide skilled supervision when required ; Corps will, 
therefore, have to find both the skilled and unskilled labour for installing 
new plants. Questions regarding the details of installing plants will be 
arranged direct between the Corps Machinery Officers, and the Officer 
Commanding E. and M. Company. 

Working and Maintenance. The general administration of the various 
installations, v1z., output of work, supply of fuel and oil, and running 
repairs, will be under the Corps Machinery Officers. Engine drivers will 
be supplied from :— 


(a) The Electrical and Mechanical Company, as far as the establish- 
ment permits. 


(6) From the Reinforcement Company, under Army arrangements. 
(c) R.E. Units, under Corps arrangements. 
(d) Units other than R.E., under Corps arrangements. 


The men supplied will be attached by Corps to a convenient unit or 
Area Commandant, for administration (discipline, pay, billets, clothing, 
and rations). It may be advantageous to attach the men to Area 
Commandants or Town Majors rather than to units, and to arrange for 
these officers to supply the fuel, oil, etc., required for the maintenance. 
The technical supervision will be arranged by the Corps Machinery 
Officers.”’ 


This system did not prove workable and underwent many 
modifications. There was never complete similarity in the methods 
of all Armies, but in at least three of the five Armies the final system 
was roughly as follows :— 


(a) O.C., E.and M. Company acted as Inspector of R.E. Machinery 
and inspected all machinery except that of the Workshop 
Company. 

(5) The E. and M. Company was responsible for the installation, 
running, and maintenance of all R.E. machinery in the 
Army area (excepting trench pumping sets, and the 
machinery belonging to, or run by, the Workshop Com- 
pany, and the Australian E. and M., M. and B. Company) ; 
for all electrical installation work; and for the repair 
and registration of machinery in Forestry units, Purchase 
Board districts, etc., so that all personnel of, or attached 
to, the E. and M. Company worked directly under the 
Company Commander, and not under Corps, who were 
only responsible for providing fuel, rations, and accommo- 
dation. 
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(c) Additional personnel was provided by the Army from Artisan 
Companies, etc., not under Corps arrangements. 


(4) Area Sections, under an officer, with a workshop lorry (and 
local resources) were established as required; but they 
worked directly under the O.C., E. and M. Company. 


(ec) Plants were mostly inspected bi-weekly by responsible N.C.O.s ; 
in event of breakdown it was the engine-driver’s duty to 
telephone to his Section or Company Headquarters. 


A typical organization for work is given in Appendix II. 


An Australian Mechanical, Mining and Boring Company was 
formed in September, 1916, mainly to deal with power plants in 
connection with mining operations. During the greater part of 
its existence it worked directly under the orders of the In- 
spector of Mines at G.H.Q., and details of its organization and 
much of its work will consequently be found in the volume 
dealing with Mining work. 


Ir. E. anp M. COMPANIES’ WORK. 


It will have been gathered from the preceding paragraphs that 
the work laid down for an Electrical and Mechanical Company 
was likely to be altogether too extensive for any but trench warfare 
conditions in a comparatively restricted area. During moving 
warfare an Army area might amount to several hundred square 
miles, and it was physically impossible for a company of this strength, 
provided with little transport, and more or less fixed workshops, 
to begin to cdver the ground. It resulted that the difficulties in 
distribution of work to meet the varying conditions in different 
Armies were very great. 

In most Armies a very large proportion of the water supply 
schemes was entrusted to the E. and M. Company, although in 
some cases it had no responsibility whatever beyond workshop 
maintenance and repairs to mechanical plant. One experienced 
officer gives the normal percentage of work as under :— 


Water supply installation and running — — 50% 
os », Yepairs — — — — 25% 
Electricity — — — — — — 15% 
Miscellaneous — — — — — 10% 
100% 


Water supply operations are fully described in separate volumes, 
and will not be further touched upon here. 
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Electrical work is dealt with in Chapter V. A good idea of the 
extended nature of the duties is given by the chart attached as 
Appendix ITI. 

As a further example of the miscellaneous jobs that had to be 
carried out by these Companies, the following detail of work executed 
by the 354th E. and M. Company, in preparation for the 1917 
Ypres offensive, is interesting :— 


This included— 


(a) Building new workshops and stores. 


(6) Installing and running electric light for 15 Casualty Clearing 
Stations. 


(c) Installing 6 mechanical filters. 
(d) Installing 20 new pumping stations. 


(ec) Collecting and testing all machinery prior to issue to three 
new Corps workshops. 


(f) Collecting and testing large quantities of new pumping plant. 
(g) Taking over and running 30 existing installations. 


(h) The erection of a factory for the production of 1,000 S.O.S. 
rockets per day, and providing a stock of 10,000 before 
July 31st. This necessitated experimenting, training un- 
skilled personnel and obtaining various component parts 
from civil firms. 


All the above work was completed within two months, in addition 
to the installation of printing works, and lghting of front-line 
dug-outs. ® 

As in the case of the Workshop Companies, the German advance 
in March, 1918, made a complete break in the work of the E. and M. 
Companies, necessitating the destruction of a large amount of 
plant that could not be moved, and subse.juently involving an 
extremely heavy programme of new work. 

When the final British advance began, in addition to all the 
ordinary work that was required, very large quantities of machinery 
and technical equipment were captured, and had to be taken over 
by the E. and M. Companies. At this period, lack of mobility, 
which had already been considerably felt, proved a very heavy 
handicap ; but additional transport was unobtainable, and although 
various schemes for making at all events part of the companies more 
mobile were put forward, they were all incapable of realization. 

Company Workshops. Theoretically E. and M. Companies’ shops 
were only expected to do light repairs, machines requiring heavier 
repairs being sent to the Base Shops at Havre. 

In practice, the Base shops were unable to cope with the work 
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which was always subject to great delays. Consequently, the bulk 
of repair work was actually done in Army areas. This led to the 
E. and M. Companies’ shops being equipped for heavier work than 
would otherwise have been necessary. The equipment was not 
standardized, but consisted approximately of the following :— 


Two workshop lorries of standard type (on the establishment of 
the Company). These were similar to the workshop lorries 
with M.T. units, and small though they were, being mobile, 
were of the very highest value ; but could, of course, by them- 
selves, only deal with light repair work. 

Machine Shop. Four to six lathes of various centres, from 3} in. 
to 12 in. 

One or two shaping machines. 

Slotting machines (not all companies). 

One or two power hack saws. 

Planing machine, metal (not all companies). 
One or more screwing machines. 

Pillar drill. 

One or two sensitive drills. 

Grinder. 


Carpenters’ and Pattern Makers’ Shop. 
Small circular saw. 
Wood turning lathe. 


Electrical Repair and Instrument Repairing Shop. 
Small lathe—or watchmaker’s lathe. 


Foundry. 


Small brass furnace (usually locally built). 
Small iron cupola, with blower, etc. 


Smiths’ Shop. 
Forges and blowers. 


When the Companies had been re-established after the retirement 
in the spring of 1918, various methods of driving machinery were 
adopted, according to local resources. The 351st E.and M. Company 
had a petrol-electric generating set, brought out by the London and 
Tyne (E. and M.) Company, and their tools were consequently 
always electrically driven. The 354th E. and M. Company had, 
since 1917, fitted up semi-portable frames to carry electric motors, 
and countershafts for driving machine tools in groups. The other 
three Companies were always dependent on drive from main shafting. 

All E. and M. Company Commanders were unanimously of opinion 
that their shop machinery should be electrically driven, and the 
advantages of this are obvious. 


CHAPTER IV 
MACHINERY 
I2. REGISTRATION. 


It has already been shown that each Army E. and M. Company 
was made responsible for compiling and keeping a record of all 
machinery in its area. This was done in several Companies on 
a card index system, and towards the end of 1917 a standard set 
of cards was designed in the Engineer-in-Chief’s Office and 
distributed for use by all Armies. 

In order to standardize practice as much as possible, the following 
instructions were circulated at the same time :— 


“* Registration of Machtnery. The uniform and standard registration 
of all Royal Engineer machinery was discussed, and unanimously 
approved by a meeting of the Officers Commanding Electrical and 
Mechanical Companies, R.E., which was held at Advanced G.H.Q. on 
September 22nd. 

Many of the Electrical and Mechanical Companies already have a 
card index system of their own, but, in order to obtain uniformity and 
overcome the difficulty of obtaining the cards, which some Companies 
have experienced, it has been decided that the cards, which will be 
obtainable from the D.A.P. and S.S. through C.E.s of Armies, shall be 
all of one size, and give the same particulars. For general purposes, 
and for ordering spare parts, the maker’s number and order number are 
the numbers which will identify any machine, but there is no objection 
to Army and L. of C. numbers being continued as “ local numbers,”’ 
and they will serve as an identification for any machines which bear no 
maker’s number, such as machine tools, etc. Each machine will require 
four cards, r and 2 to be kept by the Electrical and Mechanical Com- 
panies, or officers responsible for the care and maintenance of machinery, 
3 to be sent to the E.-in-C., 4 to be sent to the R.E.S.O., Havre. 

N.B.—When a machine is handed over from one Army to another, or 
on the L. of C. from one C.R.E. or R.E.S.O. to another, the cards of the 
machine so handed over will be sent to E.-in-C. and R.E.S.O., Havre, 
who will correct their own cards, and send them back. In the case of 
new issues of machinery, cards will be made out as soon as machines are 
brought into use, and forwarded to E.-in-C. and R.E.S.O., Havre, 
respectively. Registration should include all machinery, whether hired 
or the property of the British Army.”’ = 
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At the time that this system was started there was an immense 
amount of machinery in Army areas, and owing to the large amount 
of current work always in progress, arrears of registration were 
never completely made up, and the scheme consequently never 
came into full operation. In addition to the above, a monthly list 
was sent by each E. and M. Company to the Engineer-in-Chief of 
machinery in running order which was stored at their shops, and 
was surplus to their Army’s requirements. These lists were combined 
and circulated to Armies, who were authorized to arrange direct 
for exchanges of such machinery. 


13. TYPES OF PLANT. 


A large proportion of the standard plant in the charge of every 
company was for water supply, as will be seen from the table in 
Appendix IV, which was prepared by the Director of Engineering 
Stores just before the commencement of the final Allied advance. 

It is not proposed to enter into the relative merits of various 
types, as these are discussed under the appropriate technical headings. 

In addition to the more or less standard machinery enumerated 
in this table, miscellaneous plants of all kinds had to be taken 
charge of by E. and M. Companies from time to time. Such plant 
included :— 


(i) Laundry plant. 

(ii) Miscellaneous workshop machinery. 

(ii) Forestry machinery. 

(iv) Purchase Board (R.A.S.C.) plant. 

(v) R.O.D. and Light Railway plant for miscellaneous repairs. 
(vi) X-ray generating sets. 

(vil) Battery charging sets for sound-ranging. 
(viii) Cinema plant, etc., etc. 


Laundry plant especially gave a lot of trouble, owing to lack of 
uniformity and organization in connection with its purchase and 
installation. In the earlier days most laundry plant was obtained 
by the personal initiative of various administrative staff officers, 
and purchased privately out of miscellaneous funds. Later on, the 
supply was controlled entirely by G.H.Q., similarly to all other 
machinery, but in the meantime quantities of elaborate and valuable 
plant had been installed, and were gradually taken over by E. and M. 
Companies, who experienced the greatest difficulty in obtaining 
spare parts, and carrying out repairs to the large number of different 
makes and types that existed. 

In 1918 a standard Divisional Laundry set was designed in the 
office of the E.-in-C., which consisted of :-— 
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(a) Three washing machines. 

(0) Two centrifugal wringers. 

(c) Steam engine—portable. 

(d) Boiler—portable. 

(ec) Petrol engine and two exhaust fans. 
(f) Shafting. 

In all, 200 pieces of machinery. 


Twenty such sets were ordered, but later it was decided to concen- 
trate into Army, and then G.H.Q. laundries ; which absorbed all 
the above machinery besides a number of extra types. 

After the general advance began in the autumn of 1918, the 
work varied considerably in different Armies. On the southern 
half of the British front the area traversed was almost entirely 
devastated, and work proceeded on familiar lines. In the northern 
portion much of the newly occupied area consisted of well-developed 
townships settled round large coal mines, with all the advantages of 
water supply and electricity. Extensive repairs to existing, but 
damaged, installations were necessary, but the issue and installation 
of new plant, especially for water supply, decreased rapidly. 

The following Table shows the machinery that was held in stock 
by the First Army E. and M. Company at the end of 1918 :— 


No. of | Capacity each Plant 


Type. Service. 
Plants. From to (G.P.H.) 
Pumping plant (petrol- 
driven) ; 118 Water supply. 8,000 18,000 
Pumping plant "(steam- 
driven) aw 43 Water supply. 1,500 5,000 
Pumping plant (electric 
ally driven) 19 Water supply. 1,200 33,000 
E.L. plants, for casualty 
clearing stations ... 23 For electric light in 
L (ES: 120 ©=6. 480 lamps. 
X-ray machines nee 9 For use in C.C.S. ope- | Standard machine 
rating theatre. of 2 kw. each. 
Laundries 3 Corps laundry work. 
Sawmills ae 7 Corps and Divisional use} 
Baling and pressing horse 
fodder machine 13 First Army Horse 15 to 43 tons per 
Fodder Dept. day. 
Chaffcutters 6 For Army and Corps 
Troops use. 
Machinery in and_ for 
driving Workshops 5 Corps and Divisions. 
E.L. plants for Army, 
Corps, Divs., Schools, 
and Camps ‘ 47 For light and power. 40 to 250 lamps. 
Other miscellaneous : 
plants 55 For light and power. [3 h.p. to 10 h.p. 


Very large quantities of technical material, especially electrical, 
were found in abandoned German dumps, and were salved by the 


EF. and M. Companies. 


CHAPTER V. 
ELECTRICAL WORK. 
14. GENERAL OBSERVATIONS. 


PERHAPS more than in any other branch of engineering science the 
lack of a supreme technical controlling authority was felt as regards 
the supply of electricity to the Army. From the beginning many 
existing difficulties had to be overcome, both of a military and civil 
nature. Of the former the rapid expansion of the Army, and the 
lack of familiarity with electrical matters among all ranks, were the 
greatest ; of the latter may be mentioned the want of standardiza- 
tion in Bnitish electrical methods and manufactures generally and, 
secondly, the troubles inherent to fighting in Allied territory, where 
civil installations must be interrupted as little as possible, and co- 
operation is hindered by differences of language, methods, and plant. 
These difficulties were aggravated by want of supreme guidance and 
control. The inevitable result was a general scramble for available 
plant by departments and even units, in accordance with individual 
needs and idiosyncrasies, with little regard to co-ordination or 
economy. 

In the French Army, during the first year of the War, there was 
also a tendency for each organization to carry out its own electrical 
work, and each Army purchased a material part of its own plant. 

There was no general policy for the use of power from companies’ 
mains. 

A “ Service Electrique ’’ was then organized, and companies were 
formed somewhat similar to the British E. and M. Companies. A 
headquarters organization was resporsible for the arrangement of 
contracts with power companies, and for the erection of new lines. 

In a comparatively short time about 500 kilometres of high-tension 
line was constructed, and a very large saving of petrol was effected 
by the elimination of uneconomical small engine sets. 

In the area occupied by the British Army the principal existing 
electric stations were in the important coal districts on the front of 
the First Army. (See Plate XIV.) 

The following is a list of the companies, and their normal output :— 


(a) Société Béthunoise, at Hesdigneul—7,000 kw.—steam turbine 
alternators—3-phase system. 
(6) Mines de Noeux, at Braquemont—2,o000 kw.—high-speed steam- 
engine-driven alternators—single-phase system. 
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(c) Sociéié Artésienne, at Les Brebis—4,000 kw.—steam-turbine- 
driven alternators—3-phase system. 


(2) Société du Nord, at Pont-a-Vendin—6,000 kw.—steam-turbine 
driven alternators—3-phase system. This system was 
entirely in territory occupied by the enemy, as well as 
most of the H.T. transmission line. 


15. ELECTRICAL COMMITTEE. 


During the winter, 1916-17, the Engineer-in-Chief detailed a 
special officer to make investigations with the object of expanding 
the use of electric power. 

A proposal had previously been put forward by him for a power 
line to be taken from Béthune to Armentiéres, and thence to Ypres, 
mainly with .a view to lighting, but also to operate small pumping 
plants in and near the trenches. The Chief Engineers of the First 
and Second Armies, to whom the scheme was referred, found it 
impossible to provide the requisite labour, and for various reasons 
were not in favour of the project, which was consequently dropped. 

The investigations of the E.-in-C.’s representative during the 
winter, 1916-17, showed that there was an immense want of organiza- 
tion and standardization of electrical work and plant. Newly- 
formed departments were all ordering plants for their own purposes, 
without regard to that already in the country, and there was no 
co-ordination or interworking between the installations erected under 
the Director of Works, D.G.T., A.O.D., R.F.C., or in Army areas : 
consequently, with the approval of the Q.M.G., an Electrical Com- 
mittee was formed at G.H.Q., of which the Deputy Engineer-in-Chief 
was President, and representatives were appointed by the D.G.T., 
A.O.D., R.F.C., D. of W. An experienced electrical engineer was 
appointed as secretary, and continued thereafter to act as Electrical 
Assistant to the Engineer-in-Chief. Several meetings were held, 
and a certain amount was done towards standardization, but the 
causes described at the beginning of this Chapter militated against 
any material improvement in the situation. 

During the summer of 1918 a new Electrical and Machinery Com- 
mittee was established by the Quartermaster-General, which met 
regularly, and investigated all demands for stores or plant, and 
advised the Q.M.G., whose approval was necessary before any large 
new services were undertaken. The duties of this Committee, as laid 
down by G.R.O. 5058 and G.R.O. 5149, were as follows :— 


(i). The standardization of plant. 


(ii). The consideration of the economical use of all existing 


electrical and other machinery in the areas occupied by 
the British. 
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(ii). To advise on all new installations in which electrical power or 
machinery is required. 

(iv). To advise on all contracts for power. 

(v). Liaison work with the Allies. 


The composition of the Committee was :— 


President. 
Deputy Q.M.G. or Brigadier-General, Q.M.G. Staff. 


Permanent Members. 
Director of Works. 
Director of Engineering Stores. 


Members. 
To be co-opted as required :— 


I representative detailed by A.G. on water supply and hospital 
questions. 

I representative detailed by E.-in-C. for electrical questions. 

I representative detailed by E.-in-C. for other machinery. 

I representative detailed by each of R.A.F., D.G.T., D. Ordnance, 
D. Transport, and D. Signals. 


It was further laid down that “‘ no large installations for electric 
power or lighting will be undertaken, or electric generating plant 
above 20-kw. capacity ordered, without Q.M.G.’s authority, and all 
proposals for such installations and services should be submitted with 
full particulars to the Q.M.G. for approval before work is com- 
menced.’’ 

The first meeting of this Committee was held on the 8th October, 
1918. 


16. WorK IN ARMY AREAS. 


Use of existing H.T. lines. In the First Army area a number of 
contracts were made with the existing power companies, for the 
lighting of hutments, etc. Various efforts were made to run branches 
off the Béthunotse system up to the front line, in order to light dug- 
outs and battle headquarters. 

The Sappers of the Indian Corps in November and December, 
1914, actually erected a line up to Festubert with a transformer 
station in a cellar, and small searchlights were installed at intervals 
along their front line. The German attack about the middle of 
December prevented this plant ever coming into proper operation, 
and the overhead line was so continually cut by shell fire, that efforts 
to maintain it were very soon abandoned. 
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' On the formation of the Land Drainage Companies, the C.E. First 

Army handed over the control of all electrical work and apparatus 
in the Army area to the 197th Company, R.E., by whom plans were 
prepared to show the civil companies’ electric supply mains, and 
districts fed by them. Conferences were also held with the managing 
directors to find out what power, and also what materials, they had 
available, and arrangements were made to assist them with the 
supply of spares and materials, of which stocks were very low. 

A scheme was drawn up towards the end of 1917 between the Chief 
Engineers of the First and Third Armies for the reconstruction of the 
overhead H.T. transmission lines, which had supplied Arras with 
power from Bully-Grenay and Noeux-les-Mines; then with a step 
up in voltage to link in with a generating station near Ham, the line 
following the main Arras-Bapaume-Peronne road. If this line had 
ever been completed, it could easily have been tapped to supply 
power for a very large number of pumping stations and hospitals, so 
releasing mobile plants and personnel. The northern part of the work 
had been carried to within a mile of Arras, when it had to be 
abandoned owing to the German offensive, but a considerable saving 
in personnel and plant had already been effected in the area round 
Bouvigny, Gouy Servins, Camblin-l’Abbé, by the use of this line as 
far as it went. 

In the Béthune area four short lines were built at Pernes for a 
group of four casualty clearing stations, at Houchin for a group of 
three casualty clearing stations, at Houdin to operate water supply 
pumps, and at Floringhem to light three aerodromes and camps ; 
these lines were all on the 5,000-v. system of the Société Béthunozse. 

Another line had been projected from Béthune to Estaires, to link 
up Béthune, Armentiéres, Merville, Estaires and St. Venant. Stores 
had been collected, and work was about to commence early in 1918, 
when the Germans advanced deeply into this very area. 

Another scheme had been prepared in the autumn of 1917, for 
building a system of H.T. overhead lines throughout the First Army 
area, In a zone I0 miles deep from the front line. The scheme was 
discussed with the directors of the Artésienne and Béthunotse power 
companies, with a view to their taking over the lines at the end of 
the war ; and with slight modifications the routes had been decided 
on, and agreement made for the provision of power on payment by 
these two companies. This scheme was also brought to nought by 
the German offensive. 

In the areas operated by the civil companies a number of technical 
and financial questions arose from time to time, regarding responsi- 
bility for electric work carried out by the Army, and payment for 
current. These questions had to be finally referred to G.H.Q., and 
were partly responsible for the formation of the first Electrical 
Committee (sce para. 15). After considerable discussion with the 
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French military authorities a flat rate for power and light was agreed 
upon throughout the British zone; this rate was 35 centimes per 
kw.h. for power, and 50 centimes for light. Subsequent to the 
Armistice the rates were increased to 75 centimes and 1 franc. 

Portable E.L. Sets. In the early days of the war portable sets 
were very few and far between. The first that were supplied were 
intended for use in casualty clearing stations. Later on, as more 
became available, they were used for lighting various headquarters, 
schools of instruction, etc., and were finally extended to the lighting 
on a considerable scale of dug-outs, caves and subways. 

The most commonly used sets were 3 kw. and 1 kw. The latter, 
which were capable of handling about 40 points, were particularly 
useful for Brigade Headquarters in the line: from 20 to 25 points 
usually sufficed for all essential lighting for one Brigade, so that one 
of these sets could deal with both Artillery and Infantry Brigade 
Headquarters, when it was possible to locate them close together. 

As the war went on, establishments increased and a higher degree 
of comfort was expected, involving considerably enlarged plants. 
As an example, the lighting of an Army Headquarters in Albert may 
be quoted. Owing to the scattered positions of these headquarters, 
the work which was done by the E. and M. Company practically 
amounted to lighting the town, and was at first much hampered by 
want of a suitable engine to drive a 12-kw. gencrator. A I9-h.p. 
Tangye oil-engine was first employed, but was far too unsteady, and 
no Satisfaction was obtained until a four-cylinder petrol-engine 
became available. 

The authorized equipment of the Army Field Survey Company, 
and of the A.P. and S.S., had to be supplemented by plants supplied 
by the E.and M. Company, motive power being required for printing 
presses, grainer, shears, etc., and mercury vapour arc lamps for 
photographic purposes. 

In a short time there was a very complete network of overhead 
mains in Albert, tying in between the 20-kw. petrol electric plant at 
A.H.Q. Station, 18-kw. plant at Maps,and 40-kw. water turbine plant 
in a factory on the River Ancre, occupied by the Army Troops M.T. 
Company. 

Another Army headquarters, established in a new hutted camp 
during the summer of 1918, required the installation of the following 
plant :— 

2 12-kw. — 
I 10-kw. ; 220-volt sets, 
I 3-kw. | 


all housed in the same building as the pumping station. 
The lighting of casualty clearing stations was a never-ending job, 
as their positions were constantly moved to suit the fluctuating 
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tactical situation ; the work was somewhat simplified latterly by the 
habit of grouping these stations as far as possible. 

About the end of 1917 the installation of small lighting sets in 
caves and in captured dug-out systems, was commenced, and proved 
an immediate boon. During the last half of 1917, 30 sets, totalling 
92 kw., were installed by one E. and M. Company alone, for cave and 
tunnel lighting. Perhaps the most noticeable of these ‘“ trench 
schemes ”’ was the installation of eight sets in two separate engine 
rooms to light the 6,o00-yard tunnel under the Hindenburg Line 
between Heninel and Cherisy, and four sets in the caves under Roeux. 
Pumping plant was included in both these schemes. 

Hulluch-Cuinchy Subways. (Plate XV.)—The remarkable under- 
ground system between Hulluch and Cuinchy, which is described 
in the volume of this series on Multtary Mining, was provided 
with light and power on a gradually-centralized system, which was 
finally completed in November, 1917. This centralization developed 
gradually during a period of nearly 18 months. 

Early in 1917 the electric lighting of the subways and connected 
dug-outs expanded rapidly, and in September, when the lateral 
gallery between all the mines was completed, the main cables were 
laid underground for 3} miles. Small sets were then cut out, and an 
economical scheme of two central stations was brought into operation. 
Summarized, the chief practical features of the system were :— 

Cuinchy Station, 3 sets=64-kw. (Photograph (i).) 
Wings Way Station, 3 sets=64-kw. (Photograph (ii).) 
Distance between stations along cable =4} miles. 
Pumps and fans served =23. 

Number of lights in subways and dug-outs =11,000. 
Length of front served =5 miles. 

Length of subways lit=g miles. 

The whole of this work was carried through by the Australian 
E. and M., M. and B. Company. 

Photograph (iii) shows one of the main tunnel entrances. 


17. WorK IN OPERATIONS. 

Arras-Vimy. A large amount of electric work—mainly lighting— 
was done in preparation for the offensive on the Arras-Lens front in 
April, 1917. The extensive system of caves under the suburbs of 
Arras was lit throughout by tie New Zealand Tunnelling Company. 
Some idea of the extent of this system can be formed from the fact 
that six lighting sets were installed in one engine room at St. Sauveur, 
and five in Ronville, aggregating 40 kw.; and the materials used 
included :-— 

1 miles of V.I.R. cable, 7°16 
9 me RT 
2Ei Gs ge we. oi: ~ 3/20: 
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On this scheme 24-hour running was the rule, and underground 
pumping plants were also installed. 

It may be mentioned here that this plant was subsequently 
removed, but was re-installed at the beginning of 1918 in anticipation 
of a defensive battle. The work was nearly completed at the time 
of the German offensive, when, by a change of Army boundaries, the 
town came under the First Army, and the installation was handed 
over by the Third Army E. and M. Company as a running concern 
to the Australiar. E. and M. Company. 

On the Vimy front 12 lighting installations were erected by the 
Australian E. and M. Company in infantry subway systems, providing 
altogether over 1,000 lights; 220-volts pressure was used, and I5 
c.p. lamps were placed 30-40 ft. apart, with suitable protective lamp 
guards ; and this spacing gave sufficient light for all purposes. 
Special oils and 100 % spare lumps were stored in each tunnel, and 
during the whole progress of the battle only one lamp failed. Before 
zero day the plants were run 12 hours per day only, thus nursing them 
until the night before the attack, when all plants were put on con- 
tinuous running from 36-60 hours, then reducing to a maximum of 20 
hours per day. 

The following is a summary of the installations built by the First 
Army E. and M. Company for the same battle :— 

Approx. no. Number of 


of yards of electric 
Size Source of electric lamps 
Service. of set. supply. wire used. installed. 
19 C.C.Ss. sits oe .-. 3 kw. British. 110,000 2,400—25 C.p. 
2 C.C.Ss. ee ie .. 3 kw. Béthunoise 96,000 340—25 C.p. 
Power Co. 

17 Divisional Hdars. ... . 3 kw. British. 31,000 2,040—I5 C.p. 
9g Corps see ae .. 3 kw. British. 6,500 500—I15 C.p. 
21 Brigade esis es .. I kw. British. 10,000 goo—I5 C.p. 


7 X-ray Sets ... sa ee — — — — 
Messines, 1917. During the last part of 1916 and the beginning of 
1917 extensive work was carried out on the Ypres—Armenti€res front 
by the Australian E. and M. Company, in preparation for the offen- 
sive. Details of lighting were generally similar to those described 
above. 
The installations were as follows :— 


Ypres Ramparts—soo lights. 

This plant supplied light to the dressing station at Lille Gate, which 
‘was very extensively used during the battle. Great difficulty was 
experienced in maintaining the supply during the last few weeks, the 
‘wires being cut as often as 40 times a day by shell fire. 


Tor Top dug-outs—too lights. 
Railway dug-outs—215 lights. 
Hill 60—z230 lights. 
This plant was installed for mining purposes, in September, 1916, 
and supplied power for ventilation, pumping, and lighting the mine 
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saps, as well as lighting of dug-outs in the vicinity. Work was done 
under very trying conditions owing to shell fire, and on one occasion 
over 50 lamps and a quantity of wiring were destroyed by one shell ; 
Nevertheless, power was maintained continuously after instalment. 


Bluff—118 lights. 
Installed in June, 1916, for mining purposes. 


Spotl Bank—zoo lights. 

This plant of three sets, giving over 40 kw., was installed for mining 
purposes in February, 1917, and supplied power for ventilation, 
lighting, haulage, and special power digger, as well as lighting of 
dug-outs in the vicinity. After its completion the Bluff set was shut 
down, and kept as stand-by, power being supplied from Spoil Bank. 
St. Eloi—1z2o lights. 


Voormezeele—111 lights. 

This plant was installed at the end of May, 1917, to light special 
headquarter and hospital dug-out systems for the attack on 7th June. 
The dug-outs were not completed until the 5th, but every light was 
installed, and plant ran continuously from the night of the 6th. 
Over three miles of cable was used on this job, and great difficulty 
was experienced in keeping the main intact. 


Bois Carré—go lights. 
Installed May, 1917, to light battle headquarters and pump 
infantry tunnel. 


Vanway—87 lights. 
Similar to Bois Carré. 


Peckham—o0 lights. 

Six different sets were installed during 1916-17 for mining purposes, 
under exceptionally adverse conditions. Before the attack four 
special headquarter dug-outs were lit. 

Wulverghem—173 lights. 

Installed during the winter, 1916-17, for the lighting of dug-outs. 
Calgary Avenue—5o lights. 

Installed for special battle headquarters in June, 1917. 


Hill 63—Ploegsteert—450 lights. 

Installed in October, 1916, to light and ventilate extensive dug-outs, 
and later extended to headquarter dug-outs in a new large system at 
Red Lodge. During the fighting in June the line through the woods 
was frequently cut, but with an emergency line, supply was constantly 
maintained. 


With the exception of the Tor Top and Railway dug-outs, which 
were handed over to an Army Troops Company, the whole of these 
plants was continuously maintained and run by the Australian E. 
and M. Company. 
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Special precautions had to be taken to prevent lamps being broken 
by the concussion of the great mines on June 7th. Owing to the 
method of suspension adopted—i.c., the lamp hanging from its own 
main—very few suffered any damage. 


18. GERMAN ELECTRICAL WORK. 


During the final British advance ample evidence was forthcoming 
of the extent to which the Germans had utilized civilian power 
stations behind their line. Miles of high-tension wire had been 
erected on wood poles across country, with single transformer cabins 
of timber and tarred felt for local distribution. East of the Arras— 
Bapaume—Peronne road the area as far as Cambrai was covered with 
a very complete H.T. network, operating pumps, saw mills, bakeries: 
and laundries, as well as lighting every billeted camp, all of which had 
been installed since the British evacuation, 7.¢., in a period of about 
fivemonths. Before retiring, the Germans had systematically cleared 
most of the sub-stations of transformers and all gear, but it was 
perfectly clear that the stations had been in actual operation, and 
not merely in course of construction. Very little copper was to be 
found on any portion of the new German power lines, the conductors 
being aluminium over the main features, with distributors of zinc 
or sheradized iron; switch contacts and blades, links, etc., were 
generally of a zinc aluminium alloy, or of iron and copper plate, 

Information obtained from prisoners, and confirmed after fighting 
ceased, showed that from quite early days very elaborate overhead 
H.T. distribution had been instituted throughout the L. of C. and 
back Army areas. Full use was made of existing Belgian and French 
power stations, and many extensions made. All the work was 
strictly co-ordinated and regulated from G.H.Q., and special Electrical 
Engineer battalions were provided. On the other hand, the Germans 
were always short of self-contained portable plants, and in moving 
warfare the fighting troops suffered accordingly. 


19g. ELECTRICAL PLANT. 


Lack of standardization led to the use of a vast number of different 
types of all electric stores ; as an example, at the time of the Armis- 
tice, no less than 210 types of dynamos, motors, and transformers by 
72 different makers were in use. It is not intended to develop this 
subject, which belongs to the Supply of Engineering Stores generally ; 
the following are a few notes on some of the principal sets used :— 

Petter-Holmes and 
Aster-Siemens 
gave the most satisfactory service among the small plants, but 
eventually the bulk of the small work was done with Petter sets, 

which proved generally effective. 
T 


3-kw. sets, 
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Kelvin-Fife Wilson—3-kw. sets, 
were not a great success, the timing and governor gears being a 
constant source of trouble. 
Lister—8-h.p. engines, 
were used in one or two cases with Boothroyd 5-kw. generators. 
These engines had good service, but were hardly equal to the gene- 
rator rating, whilst the mechanical design of the latter was not good. 
Day electromotors—5-kw. sets, | 
appeared to be under-engined, and did not give good service. 
Record—5-kw. sets, 
appeared to be heavy and complicated, but little running experience 
was had with these. 
Dorman—E.C.C.—10-12-kw. | 
18-kw. 
gave good service, and appeared to be thoroughly reliable. 

Generally speaking, slow-speed sets were found to be far more 
suitable for forward work than high-speed sets, which required skilled 
personnel to operate, and more maintenance and overhauling than 
it was possible to give under trench conditions. The advantage of 
weight for the high-speed set was so small, and its running disadvan- 
tages so great, that most units preferred to adopt the slow-speed set 
whenever obtainable, even though it resulted in heavier trench 
loads. Slow-speed types, such as the Frisco Standard 360 r.p.m., 
Hornsby, Gardner, Lister, Petter, and similar types, were capable of 
being operated by unskilled mechanics, and it was generally un- 
necessary to duplicate them. 

For installations in subways it was necessary to provide an engine- 
room of generous dimensions, and well ventilated, allowing ample 
space for the overhaul of one unit whilst the other was running. 

Photograph (iv) shows engine in actual use at Valenciennes. 


sets, 


20. CONCLUSION. 


The chief electrical lessons of the War are not difficult to arrive 
at, although controversy will always exist on such questions as H.T. 
distribution versus portable sets, direct versus alternating current, 
etc.; one officer with long experience in an Army area stated that 
H.T. work was not only quite possible in shelled areas, but that it 
could be more quickly and economically installed than individual 
plants. On examination this thesis cannot be substantiated, but 
the following results of actual work in the field are none the less 
interesting. It was found that with a party consisting of :— 

I Serjeant (with H.T. line experience), 

8 Labourers, to dig the pole holes, 

5 ‘3 for carrying, setting and guying the poles, 
4 Sappers, fitting the stacks and insulators, 

6 », , stringing wire, 
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normal progress*of one mile per day could be made in putting up 
a 3-phase H.T. line. Portable transformer cabins were made 
capable of erection by four men in one day; so that with a week’s 
work it was possible to link up and control a considerable number 
of installations. | 

On the other hand, H.T. systems in Army areas had serious 
objections :— 

(a) Difficulties in arrangements with civil power companies. 

(b) Tactical impossibility of siting installations to suit existing 
power lines, and waste of branches as the plant moved 
with the ever-changing military situation. 

(c) Vulnerability of overhead lines to shell-fire and bombing, 
and consequent expenditure of man-power in maintenance. 

(Z) Possible interference with Signal Service, and danger to troops 
from H.T. wires. 

Actually two quite different sets of conditions have to be provided 
for:—first, the needs of a field Army in mobile warfare; very 
similar to which are the conditions in the forward Army areas 
during trench warfare; and, secondly, the requirements of Bases 
and L. of C., and of back Army areas during prolonged periods of 
stationary warfare. To meet the former an ample supply of mobile 
sets is absolutely necessary ; for the latter training and experience 
in H.T. work are certainly wanted, but, as in war unnecessary risks 
cannot be taken, and a centralized supply may at any time be out 
of action, a reserve of self-contained plants 73 still needed. 

In both cases the need for standardization of plant, and sufficiency 
of technical personnel, are obvious. We started the war with 
none of these. No one can say to what lengths electrical knowledge 
may have progressed when the next war comes; the full resources 
of modern science can only be continually adapted to service needs, 
if military thought and training march in step with progress. 

Electrical Commission. In January, 1919, a Commission was 
assembled at G.H.Q. to report upon the use of electrical power in 
the field. This Commission included the President of the Institution 
of Electrical Engineers together with representatives of the 
Admiralty, War Office, and G.H.Q. 

The Commission, in their report, drew particular attention to the 
desirability of co-ordinating all electrical work under the control 
of the Engineer-in-Chief; they strongly criticized the composition 
of the 1918 Electrical Committee, which was presided over by a 
non-technical officer; and they further urged the necessity for 
Standardization of plant, provision of sufficient technical staff and 
personnel, and progressive peace-time training in electrical and 
mechanical work. 
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APPENDIX I. 
ELECTRICAL AND MECHANICAL COMPANY, R.E., FRANCE. 
WAR ESTABLISHMENT. 


(i) Personnel, etc. 


Personnel. 
2 2 & 
=] s) 
Detail. . 33 . . 2 
A )ee ide | & e ASE ap te 
g 1 ES 23 “ ais | s 
é aM a 8 P= | 5 2 © 
O |F0 [na me i ao = 
Major — I 
Captain ... ges ee ae I r (5) 
Subalterns co. ese 4 4 (5) 
Company Serjt.-Major ... I I 
Company- Ormr.-Serjt. I I 
Mechanists (machinery) 2 2 
Mechanists (electricians) 2 2 2 
Serjeants ie ae 9 (a) 9 
Corporals oa — 8 8 
2nd-Corporals ... S 8 8 
Sappers and Pioneers ... 228 (c) | 228 
Total (excludingattached)| 6 if 14 | 244 265 7 
Attached— | | 
Batmen (d@) ... me | 3 3 
For general duties (d) 6 6 
Drivers, A.S.C., M.T. 5 5 


ee rere) eg cee | ee ee 


Total (including attached) 6 I 14 258 279 | 12 |7 


I 


(a) x Serjeant for pay duties. (b) Two with side-cars. (c) Includes 
12 Lance-Corporals and 2 Pioneers for water duties. (d) Of category 
lower than “ A.”’ 


Note.—The 2 Companies on L. of C. will have no transport or A.S.C. 
(M.T.) attached. 


2:03 


a 


(ii) Transport, 


Detail. ai Vehicles. Drivers. Remarks. 
Box car | I I 
Workshop lorries, 3- ton | 2 2 (¢) Provided by A.S.C. 
Lorry, 3-ton, for tools I 2 
| 4 5(e) | 


DISTRIBUTION OF SERJEANTS AND RANK AND FILE BY TRADES. 


Mechanists (machinery) oe sate ee in ae ae 2 
™ (electricians) see us 2 
Engine drivers (steam and internal sommbustion) and mates we 150 
Fitters and turners ... ie ae a ak fag he 40 
Blacksmiths 5 
~ Whitesmiths ; tes oa eh ai bla es 4 
Moulders sie — ne aaa ae are a or 3 
Pattern makers 2 
Plumbers sien 22 ia ‘ee be a 2 
Electricians (field and fortress) es ei oe a se 30 
Instrument repairers Sie ae ate ei ise bibs 2 
Draughtsmen (mechanical) ... ie a de a sé 2 
Clerks ... sae oe aot aos 2 
Other trades (including storemen, etc. leas wee an ste IO 


Total a “he we = 2556 
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APPENDIX II. 


TYPICAL ORGANIZATION FOR WorK—E. & M. Company, R.E. 
(December, I917). 


Pump Log Statione. Tramway Bases. . 
ns tallation. Trector repairs. Installation pLectria 


Running. Running. 
Maintenance. 


Two or more men ae nek plant. 


Workshop Lorry. 
Spare part, store. 


° 
onl 
ELVERDINGHE. ae 
°o 
N 
3 
z 


COMPANY H.Q. at PROVEN, 


2nd. in Command, Subaltern, Subaltern, Subaltern. Attached Officer 
All -_ - aR este 


nstallation. Installation. pumping plant 
Running. Running. in the intermed- 
Maintenance, Maintenance. iate arca. 


except d 
outs & ne HO 


Main Shops. 

Store. $.0.S. § 

Spare parts. Water Supply. Factory. = 

Registration. Electric light. 

Repairs. for { Water Boring. > 

Testing. Forestry. a 
Purchase Board. § 


, . 
—=_— = 


Water Supply. 
ools. 


Hospitals. 


12 O.R. 
Detached on plants- 30. 


Workshop Lorry. 


Electric lighting. Spare part store. 
chools. 


Hospitale. 


rom Rear. Section. 


Digitized by Google 
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VII. 


ANTI-AIRCRAFT SEARCHLIGHTS. 


~ ANTI-AIRCRAFT SEARCHLIGHTS. 


SUMMARY OF DEVELOPMENT OF ANTI-AIRCRAFT SEARCHLIGHTS, 
FRANCE, I9QI5-1918. 


1. Resources 1m 1915.—In 1915 the anti-aircraft searchlight 
resources available in the British Expeditionary Force consisted of 
Nos. 1 and 2 Anti-Aircraft Searchlight Sections with fixed equipment 
of three 60-cm. projectors each. These were employed for the 
protection of General Headquarters at St. Omer, which was twice 
bombed during the winter of 1gr5—19106. 

It is reported that on one occasion an enemy aeroplane was picked 
up and held in the searchlight beams for about half a minute during 
this period. 

At this time night bombing by aeroplanes was practically unknown, 
and only bombing by airships was anticipated, for which the 60-cm. 
searchlights would have been sufficiently powerful. 

2. Additions, March-May, 1916.—Between March and May, 1916, 
the following additional resources became available :—s5oth (Field 
Searchlight) Company, R.E. (Mobile), (comprising one section of 
two go-cm. lights, and two sections of one g0-cm. and one 60-cm. 
light each) ; Nos. 3 to7 Anti-Aircraft Sections, R.E. (with three fixed 
60-cm. equipments each) ; and these resources were distributed as 
follows :— 


I section of the 50th (F.S.L.) Company, Boulogne. 
I - of if », Audruicq. 
I a ‘6 is », Advanced G.H.Q. 
No. 1 A.A.S.S., R.E., G.H Q., rst Echelon. 


ue, ce s G.H.Q., 2nd Echelon. 
» 3 - Calais. 

a. a Abbeville. 

ane - Etaples. 

» O 4 Rouen. 

ge S Abancourt. 


3. Bombing of Audruicg Depot, July, 1916.—On the night of the 
22nd—23rd July, 1916, several enemy aeroplanes bombed the 
Audruicq Ammunition Depot. 

Only two lights of the 50th (F.S.L.) Company and two anti-aircraft 
guns were available at Audruicq at the time of this raid, and they 
were unable to render effective assistance in defence owing to the 
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fact that the lights on the ground might have disclosed the position 
of an ammunition train which was being loaded. Subsequently to 
the dropping of the first bomb, however, the aiming became wild, 
and the bombs were mostly directed against the searchlights them- 
selves. 

4. Searchlight in Observation Balloon, Somme, 1916.—During the 
first Somme battle experiments were carried out at the front by 
No. 2 Section of the 50th (F.S.L.) Company and No. 1 Kite Balloon 
Squadron, Royal Flying Corps, with a view to mounting a searchlight 
in an observation balloon, for the purpose of illuminating the ground. 
This was successfully accomplished, but the balloon itself was found 
to be so unsteady that accurate estimation of direction was impossible. 

A new form of searchlight, developed by the Royal Navy, for 
which a much increased light intensity was claimed, was tested at 
the front by the 5oth (F.S.L.) Company, and efforts were made to 
employ searchlights to assist infantry and artillery in active opera- 
tions, but no opportunity presented itself during the battle. 

5. Bombing on Somme Front, September, 1916.—About September, 
1916, hostile bombing by aeroplanes by night began to develop in 
forward areas, particularly on the Somme battle line along the 
Maricourt Plateau. 

Machine-gunning of the roads by enemy aircraft also commenced in 
this area towards the end of the autumn, Ig16, and as a counter- 
measure Nos. 2 and 5 Anti-Aircraft Searchlight Sections were ordered 
to the area between Montauban, Trones Wood, and the Somme. 
These lights were placed under the XIV Corps Heavy Artillery, and 
did excellent service in forcing enemy aircraft to fly at considerable 
heights, and in vastly reducing the damage done. Very few targets 
were actually detected in the beams, however, and this fact is 
accounted for by the unsuitability of the equipment available, and 
the excessive local noises due to gunfire and transport in the forward 
areas, together with the inexperience of the detachments. 

6. Bombing subsequent to Somme battle—Subsequent to the Battle 
of the Somme continuous hostile air raids were made by night along 
the whole of the Somme valley, extending as far as Amiens. 

No. 2 Section of the 50th (F.S.L.) Company, together with Nos. 
2 and 5 A.A. Searchlight Sections, were allotted to this locality, 
and it was credibly reported, but not officially confirmed, that one 
enemy aircraft was shot down in the searchlight beams on the night 
of the 8th-9th February, 1917. 

The detection of enemy aircraft in the beams was, however, an 
unusual occurrence at this period, owing to the causes mentioned in 
paragraph 5 above. 

7. Reorgantzation of A.A.S. Units —-By this time Nos. 8 to 18 A.A. 
Searchlight Sections had gradually arrived from England, and Nos. 
21 to 24 had been formed in France. These units were mainly 
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allotted for the defence of large ammunition depéts then being formed 
at Audruicq, Zeneghem, Saigneville, Abancourt and Dieppe, whilst 
No. 8 Section was sent to protect the Second Army Ammunition 
Dump between Abeele and Poperinghe. 

At this period all the A.A. Searchlight Sections were reorganized on 
ea basis of two lights each, because owing to the scarcity of resources * 
it was found possible to allot only one section to any one place, and 
the triangle formed by three lights was generally subjected to 
bombing. 

The various local staffs responsible for the siting of the lights did 
not understand their use, with the result that the searchlights 
usually surrounded the position to be protected, and were in conse- 
quence apt to become more of a danger than a protection. 

The retreat of the enemy from the Somme battlefield afforded an 
opportunity of using searchlights as a means of illuminating bridge- 
building operations at night, and valuable work of this nature was 
carried out by the 50th (F.S.L.) Company at Brie-sur-Somme. 

8. Institution of Office of Inspector of Searchlignts—In January, 
1917, the Office of Inspector of Searchlights under the Engineer-in- 
Chief, G.H.Q., was constituted to assist in the formation and training 
of the units, and to advise the various staffs on the disposition of the 
resources. 

Late in 1916 the provision of a total of 45 two-light sections had 
been formally approved by the War Office, and it was reported that 
the 60-cm. lights were not effective, with the result that the War 
Office authorized an entire re-equipment with go-cm. projectors. 

To save delay, the personnel for the new units was sent to France 
without equipment, and this was eventually provided, as it became 
available, from England through the agency of an equipment depét, 
established under the Inspector of Searchlights at Calais. The 
gO-cm. equipment to replace the existing 60-cm. plant was dealt with 
through the same dep6ot. 

g. Development during the Spring of 1917.—During the spring of 
I9QI7 enemy aircraft attacks were mostly confined to the Audruicq 
and Calais areas. 

In the former case the attacks were all unsuccessful owing to the 
Improved anti-aircraft defences. 

This period and the early summer of the same vear were devoted 
to the training of the new personnel, equipment of the units, and 
co-operation with anti-aircraft artillery. 

A mechanical control for the searchlight projectors was developed, 
without which the useful action of the lights would have been almost 
impossible. By means of this device the projector controller was 
situated some 12 to 14 feet from the projector itself, and was thus 
able to see the target in the beam. 

10. Bombing during Summer of 1917.—During the early summer of 
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I9I7 enemy aircraft extended their attacks to the Isbergues Steel 
Works, Arras, St. Omer, Audruicq, Calais, and the Second Army 
area. The searchlights had by this time begun to detect and hold 
enemy aircraft in their beams, but still further experience and train- 
ing were required to make the personnel thoroughly efficient. In 
July, August, and September, 1917, very heavy night bombing was 
experienced in the XV Corps area on the coast behind Nieuport, 
and in the Second and Fifth Army areas in the third battle of Ypres. 
Two sections of 50th (F.S.L.) Company, and fourteen A.A.S. sections 
were accordingly concentrated in this area. 

The lights thus concentrated then began to work with great 
efficiency, and in spite of the misty atmosphere prevailing in this 
low-lying country it is reported that between 50 and 60 per cent. of 
raiding aircraft were detected and held in the beams. Several 
enemy aircraft were destroyed by anti-aircraft gunfire, and many 
were driven off. 

All enemy aircraft were forced to fly at heights of 6,000 to 12,000 
feet, with the result that the casualties were reduced to the minimum 
which might be expected from indiscriminate bombing of a large 
area. 

11. Lighting of Ypres Area.—The use of lights in the forward area 
was then developed on a line between Ypres and Brielen. The 
searchlights themselves were very severely bombed, and the provision 
of suitable earthwork protection for the personnel was perfected. 
Eventually, although casualties were still caused by shell fire, the 
efficiency of the earthwork protection was such that no casualties 
were caused by the effect of bombs when the men were actually under 
cover. 

The detachments showed great determination and courage in 
keeping the searchlights directed on to enemy aircraft whilst being 
heavily bombed, a result which there is evidence to show the enemy 
were never able to achieve in their own anti-aircraft defences. 

12. Lighting of Béthune Area.—In the autumn of 1917 the Isbergues 
Steel Factory and the B.‘thune area were consistentlv bombed, and 
four A.A. Searchlight Sections were allotted for the protection of 
this locality. 

The action of the lights was not entirely effective, owing to the 
fact that they had to be scattered in an effort to cover the whole 
area, whereas in this very misty locality close concentration was 
essential for effective operation. Enemy aircraft, however, rarely 
flew at lower altitudes than 10,000 feet. 

Throughout the year attacks on Audruicq and Zeneghem were 
continually being made, but the anti-aircraft defences were sufficient 
to prevent any serious damage being done. 

13. Reorganization Commuttee—During this period the whole 
question of anti-aircraft protection again became pressing, with the 
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result that a G.H.Q. Committee was formed with representatives of 
Major-General Royal Artillery, Engineer-in-Chief, Director of Signals, 
Royal Flying Corps, and Machine-Gun Corps. 

This Committee took evidence at Army Headquarters from all 
who wished to express their views. Army Commanders, Corps 
‘ Commanders, Divisional Commanders, General Officers Commanding 
R.F.C. Brigades, Directors of Signals, General Staff, and M.G.R.A., 
were examined, with the result that a comprehensive report was 
made, containing recommendations as to the lines on which anti- 
aircraft development should proceed. An increase of 30 anti- 
aircraft sections was authorized as an initial measure. Owing, 
however, to the shortage of men at the time, it was found possible to 
provide only about 30 per cent. of the additional personnel (men of 
medical category “‘ A’”’) from England, the remainder being found 
in France from category ‘‘B”’ personnel transferred from the 
infantry, and trained in the existing A.A. Searchlight Sections. 

Authority was subsequently given for the addition of a third light 
to each Anti-Aircraft Searchlight Section then approved, the 
personnel being found partly from “A” men from England and 
partly from ‘‘ B”’ men transferred from infantry in France. 

As a further result of the G.H.Q. Anti-Aircraft Committee, an 
Assistant Inspector of Searchlights, with the rank of Major, 
was authorized for each Army, and for L. of C., with the rank of 
Captain. 

14. Progress of Expansion of Lights —The expansion to provide an 
additional 135 lights was in progress during the whole of 1918, and the 
Inspector of Searchlights arranged to form the whole of the 30 new 
A.A. Searchlight Sections, referred to above, by withdrawing experi- 
enced N.C.O.s and men from the older sections in France, and by 
the dilution of the establishments with category “B” men. This 
operation, which then became universal, entailed much work in 
connection with equipping and training the new sections. 

Simultaneously, twelve additional 3-light sections were authorized 
for the protection of the aerodromes of the Independent Air Force, 
none of which became available, however, before the Armistice. 

15. Employment of First Night- Fighting Squadron, R.A.F.—In the 
autumn of 1917 it had been foreseen that it would be necessary to 
use night-fighting aeroplanes to attack enemy aircraft, and a letter 
had been put up through the Engineer-in-Chief and General Staff to 
the Royal Air Force requesting that this should be arranged. About 
June, 1918, No. 151 (Night-Fighting) Squadron, R.A.F., became 
available for employment with the anti-aircraft resources in the 
B.E.F. This squadron was at first used in connection with a series 
of outpost lights in front of Abbeville, but the experiment was 
unsatisfactory owing to the fact that the area was not sufficiently 
extensive, and very few combats were reported. 
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Several more night-fighting squadrons had been authorized, only 
one of which became available before the Armistice. 

15. Provision of Molile Generating Sets —At the time when the 
proposal for night-fighting squadrons was put forward it was decided 
to ask that all additional searchlights should be 120-cm. projectors. 
Further, the provision of mobile searchlight equipments, previously 
vetoed, had by this time been proved to be absolutely necessary, 
and all additional equipments were accordingly made mobile by the 
introduction of petrol-electric lorries. 

These mobile generating sets are of a complicated and highly 
technical nature, and it was considered advisable to select, and train 
as drivers, suitable men from amongst the skilled mechanics in the 
Searchlight Sections. This training was carried out in France. 

17. Forward Area Bombing, February, 1918.—During the winter of 
Ig17 enemy bombing at night had been slight, but about February, 
1918, heavy bombing began to develop in the Third and Fifth Army 
areas, Where the 50th (I°.S.L.) Company, and 14 A.A.S. Sections 
were then concentrated. 

The forward areas thus covered were full of troops and horse lines, 
concentrated in anticipation of attack by the enemy. 

The action of the lights and guns was so effective that enemy 
aircraft rarcly penetrated the areas, with the result that the casualties 
were comparatively small. In some cases the searchlights were able 
to pick up every enemy aircraft which approached the area. 

18. Defence of Railway Junctions, March, 1918.—In March, 1918, 
when it became evident that attack by the enemy was impending, 
anti-aircraft protection was hastily improvised for the important 
railway junctions at Hazebrouck, St. Pol, and Doullens, as follows :— 


Two A.A.S. Sections at Hazebrouck. 
Two A.A.S. Sections at St. Pol, and 
Four A.A.S. Sections at Doullens. 


19. Bombing during German Advance, March-April, 1918.— 
During the battles of March and April, 1918, forward areas in the 
lirst, Third, and Fifth Armies were heavily bombed, and owing to 
the fact that most of the lights in these areas were fixed, 14 sets of 
equipment were captured by the enemy, during his advance. 

such mobile equipments as were available were maintained in 
action continuously within 2,000 to 5,000 vards of the line, and 
particularly in front of Amiens, Albert, and Isbergues. These lights 
rendered very valuable service in co-operation with the anti-aircraft 
artillery. 

The railway junctions referred to above were heavily attacked, 
but the anti-aircraft protection was apparently a surprise to the 
enemy, and his action was so much hampered that no serious damage 
was done to these vital points. 
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20. Bombing of Bases, etc., 1918.—During April and May, 1918, 
heavy attacks were made on Abbeville, Abancourt, Etaples, 
Boulogne, Calais, and Audruicq. 

Except in the case of the last mentioned, where considerable 
resources were available, great damage was caused, and this is 
attributable to the fact that the anti-aircraft defences were entirely 
inadequate. 

During August, September, and October, the First, Third and 
Fourth Army areas were heavily bombed, and A.A. Searchlight 
units were accordingly distributed as follows:—First Army, 9 
Sections; Third Army, 5 Sections; Fourth Army, 5oth (F.S.L.) 
Company, and 5 Sections. 

21. Organization of Lighted Belt on New Front.—A captured 
German document shows that the enemy reported very heavy bomb- 
ing on the troops, etc., assembled in the Anzac Corps area in the 
Hallue Valley on the night of 21st-22nd August, 1918. 

The searchlights had, however, been pushed up in front of this area 
on the night previously, so that the bombs fell in advance of the 
troops and no damage was caused. 

Subsequently all available lights were pushed as far forward as 
possible, the foremost line being from 2,000 to 6,000 yards from the 
trenches, and eventually the lighted belt was extended along the 
whole front and provided with rows of searchlights two, three, and 
four deep. 

No. 151 Squadron, R.A.F., working in conjunction with this belt 
of lights, were able to destroy in flames some 25 enemy aircraft on 
our side of the line, with the result that in the end the bombing was 
limited to the areas in front of the foremost line of searchlights, the 
back areas being almost completely immune. 

Severe casualties were caused in places where lights were not avail- 
able, but the gaps in the lighted belt were closed as soon as practicable 
by new units hastily formed as the equipment arrived from England, 
or by old units from L. of C. which had been replaced by newly 
formed sections ; and eventually the casualties from hostile night 
bombing were reduced to a minimum. 

Lights were frequently in action at the front within two or three 
days of their arrival at Calais from England. 

22. Use of Lights during Final British Advance—The general 
retreat of the enemy during the closing stages of the war again 
afforded opportunities to utilize searchlights for illuminating bridge 
building operations at night, and much valuable work of this nature 
was Carried out. 

It was also reported that the lights had been used in the forward 
area near Mons in connection with railway construction work. One 
searchlight had been placed at each end of a mile of railway track, 
and the beams aligned at an angle of about two degrees elevation 
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over the working parties. By this means the whole length of track 
between the two searchlights was illuminated sufficiently for the 
parties to work at night. 

From time to time during the course of the war the lights were, 
in addition, used to assist in trench raids and other minor 
operations as recall signals and aids to direction. 

23. Anticipated Development 1f war had gone on.—An additional 
sixteen 3-light sections had been approved in the late autumn of 
1918, and were almost ready for action at the time of the Armistice. 

If the war had gone on, an illuminated barrier, four lights deep, 
would have been established down the whole British front, and it 1s 
believed that the anti-aircraft defences in back areas could then have 
been considerably reduced, with the exception of those in the area 
between Calais and the line. 

It is thought that the efficient sound locators, suitable night 
binoculars, and more powerful searchlights which had become 
available, in conjunction with the high standard of training attained 
by all ranks, would have rendered the searchlights capable of dealing 
successfully with enemy aircraft at whatever height they might have 
flown in the future. 

24. Personnel of A.A.S. Sections —-The personnel with anti-aircraft 
searchlights, which amounted to some 3,000 all ranks at the end of 
active operations, was found very largely from the London Electrical 
Engineers and the Tyne Electrical Engineers, with a proportion of 
regular Royal Engineers, and about 600 men of medical category 
“ B” transferred trom the infantry. 

25. Uraining of American Units—During the course of 1918 over 
1,000 officers and other ranks of the American Engineers were 
attached to the British Searchlights units in Army areas for instruc- 
tion, pending arrival of the American technical equipment. This 
personnel co-operated very closely with the British detachments, 
and the increased numbers thus available were of the greatest assist- 
ance during moving warfare, which necessitated much work in moving 
heavy weights and digging earthwork protection. On return to 
their own army the American personnel thus trained were very soon 
able to render effective service with their own equipment during 
the course of the battles in which the American Army was engaged. 

An Anti-Aircraft Company of Canadian Engineers, consisting of 
12 mobile go-cm. projectors, was formed in July, 1918, and rendered 
good service ; and had the war been prolonged throughout the winter 
of 1918, it is probable that the Australian Corps would also have 
formed an Anti-Aircraft Searchlight Company from Australian 
Engineer personnel. 

26. Conclusion —Experiences in France have shown that an Anti- 
Aircraft Searchlight Detachment requires the best equipment, a high 
standard of training, and, wherever possible, complete freedom in 
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control of action. An elaborate system of “ central control,’”’ such 
as has sometimes been found necessary in connection with the defence 
of large ammunition depéts, has undoubtedly hampered the working 
of the lights in action ; and it is therefore suggested that they should 
be developed independently of the anti-aircraft artillery, as their 
work in the future will lie more and more in co-operation with night- 
fighting units of the Royal Air Force. 
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INUNDATIONS. 
CHAPTER I. 
THE COASTAL INUNDATIONS. 


INUNDATIONS were formed at Antwerp by the Belgians in the months 
of August, September, October, 1914, in accordance with the defence 
scheme of the fortress. 

Their extent, and the additional areas flooded by the Germans 
during their occupation, were shown on maps prepared by the 
Belgian Engineer-in-Chief, and handed by him to the Engineer-in- 
Chief, G.H.Q. The measures taken to form the inundations and to 
drain them were also available. 

The Antwerp inundations, although not tested by a siege, had some 
value. The Germans, in 1914, for strategic reasons, attacked 
Antwerp on its strongest side, which was covered by the Rupel, 
the two Néthe, and waterlogged ground; they were therefore 
compelled to place their heavy artillery at such a distance from the 
fortress that, although they could bombard the forts at 14,000 yards 
range, they could not reach the town itself until they had driven the 
Belgians from the Grande Néthe and moved their guns across it. 

Partial inundations were attempted by the Belgians during the 
retreat from Antwerp towards the Yser line. They are said to have 
failed, owing to their being put in hand too late and to the peasantry 
interfering with the control sluices in order to prevent flooding of 
their land. The area between Zeebrugge, Bruges and Nieuport 
could have been flooded had organization existed and time permitted. 

The first coastal area successfully flooded was that of the River 
Yser, extending from Nieuport to the coast, south to Dixmude, 
thence south-west and west to the junction of the Loo Canal and 
the Yser River (canalized). This is shown on the map. 

This inundation was formed by opening the sea gates at Nieuport 
and allowing the tides, which rose higher than the land, to enter and 
flood the country. The railway bank from Nieuport to Dixmude, 
and, south of that, the river towpath formed a barrier to the spreading 
of the water westward. The entry of the sea was facilitated by the 
existence of drainage canals discharging under control at Nieuport, 
as well as by the river itself. This inundation, from its formation 
in 1914 till the retreat of the enemy in 1918, covered the main line 
of defence in the coastal area. 
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In order to maintain a sufficient depth of water in the higher 
reaches, dams to impound Yser water were constructed near the Old 
Fort of Knocke, at the junction of the river and the Ypres Canal, 
and at St. Jacques Capelle. 

The general depth of water was nowhere great, but, owing to the 
natural softness of the ground and the many ditches and small 
watercourses, a very formidable obstacle was created. 

The state of the inundations was carefully watched by means of 
gauges and aeroplane photographs. In the summer of 1915 the 
water-level began to fall dangerously low and, to maintain it, the 
British Army, at the request of Belgian G.H.Q., installed two pump 
barges discharging one million gallons per hour at Fintelle Lock, 
where the Loo Canal and Yser meet. From the Loo Canal, which is 
normally one metre lower than the Yser, sea water was pumped up 
into the river. This pumping was carried out each summer, the 
barges being used elsewhere in winter for drainage work. They were 
never hit by shell or bomb, though close to the front. 

There seems little doubt that the Germans accepted the Yser 
inundation, preferring a stable flood on this part of the Front to the 
tidal one which would have resulted had they destroyed the controls 
by continued and persistent bombardments. They actually con- 
structed two concrete dams across the Yser between Dixmude and 
Nieuport, which could have no other purpose than to maintain the 
water in the Yser. The bombardments of Nieuport which took place 
would appear to have aimed rather at destroying the Yser bridgehead 
at Nieuport, and any navigation possibilities of the port of Nieuport, 
and in this in 1917 they were largely successful. 

During 1914-15 the technical possibilities of further inundation 
that the Allies could create in the coastal region were worked out on 
general lines and recorded by the Engineer-in-Chief’s staff, in con- 
junction with the French and Belgian authorities. The same was 
done as regards the inundations that the enemy could form there to 
Oppose our advance. 

The records included maps showing the areas flooded at different 
water levels and a table showing summarily ‘‘ Water used,” ¢.g., 
“Yser ’’ ; work required (or cause of inundation in case of enemy 
inundation), ¢.g., ‘“ barrage at Knocke’’; time required to form 
inundation and remarks, e.g., “‘ could be drained into Loo Canal by 
opening Sluices at Fintelle.”’ 

In 1917, when the XV British Corps was operating on the coast, 
the inundation there became of special interest, as practically the 
whole of the coast of Belgium could be flooded (sce map). 

The working of the control of the Yser inundations continued in the 
hands of the Belgians, but under the supervision of a specially 
qualified Engineer Officer attached by G.H.Q. to XV Corps Head- 
quarters. 
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A detailed report of this inundation control with an appreciation 
of possible enemy action, as regards using inundations to supplement 
his defences, was prepared. 

In conjunction with the coastal inundations the flooding of the 
country adjacent to canals on the line St. Omer-Watten-Furnes 
was also studied in 1914-15. This could be done by raising the level 
of the waterways, either gradually by using the fresh water of the 
river Aa, supplemented by that of the Lys, admitted at Aire; or 
quickly by letting in sea water vza Gravelines and Dunkerque. No 
important dams were necessary except at Watten ; material for the 
construction of one was collected and stored there. 

The country in front was also studied from the point of view of 
inundations which could be made. The courses of the Lys, Schelde, 
Sensée, Scarpe and Deule were investigated and sufficient data for 
General Staff purposes recorded. 

When, owing to the Russian collapse, an enemy offensive became 
probable in 1918, a more detailed technical study of the coastal 
inundations was undertaken, and a specialist, Captain A. P. 
Macdermid, of the Indian Canal and Irrigation Service, was eventu- 
ally attached to the Engineer-in-Chief’s Staff for the purpose. A full 
report of the inundations was prepared and forwarded to the General 
Staff in January, 1918. 

A visit to the Engineer-in-Chief, Belgian Army, showed that the 
situation was thoroughly understood by him. Should the Belgian 
Army be driven from the Yser lines, he was prepared to inundate the 
ground between the Loo Canal and the Dixmude-Nieuport railway 
embankment, then the main line of defence. Were Nieuport lost, 
the area could only be flooded from Dunkerque. The gravity supply 
for this purpose was only available through the Dunkerque-Furnes 
Canal at periods of high water ; and unless the northern bank of the 
Canal were raised three feet for a length of 5,000 yards from Zuydcoote 

eastwards, a considerable area between the sea and the canal would 
be flooded. This was most important to avoid, as it would interfere 
with the general defence. 

To overcome these difficulties the Engineer-in-Chief, G.H.Q., 
arranged the heightening of the canal bank and the installation at 
Dunkerque of six powerful petrol-driiven pumps, delivering 345,000 
cubic metres in the 24 hours into the canal from the sea. The French 
authorities also agreed to allow, if necessary, the docks at Dunkerque 
to be used as a storage basin during high-tide periods to feed the 
gravity flow of the canal. The engine-house, which was protected, 
was not damaged during the frequent bombardment and bombing 
of Dunkerque. Actually the necessity for creating the Loo inunda- 
tion never arose. 

Arrangements for the coastal inundations in French territory were 
made direct between the Governor of Dunkerque, Général de Division 
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_ ANTI-AIRCRAFT SEARCHLIGHTS. 


SUMMARY OF DEVELOPMENT OF ANTI-AIRCRAFT SEARCHLIGHTS, 
FRANCE, IQI5-I918. 


1. Resources in 1915.—In 1915 the anti-aircraft searchlight 
resources available in the British Expeditionary Force consisted of 
Nos. 1 and 2 Anti-Aircraft Searchlight Sections with fixed equipment 
of three 60-cm. projectors each. These were employed for the 
protection of General Headquarters at St. Omer, which was twice 
bombed during the winter of 1915-1916. 

It is reported that on one occasion an enemy aeroplane was picked 
up and held in the searchlight beams for about half a minute during 
this period. 

At this time night bombing by aeroplanes was practically unknown, 
and only bombing by airships was anticipated, for which the 60-cm. 
searchlights would have been sufficiently powerful. 

2. Additions, March—-May, 1916.—Between March and May, 1916, 
the following additional resources became available :—5oth (Field 
Searchlight) Company, R.E. (Mobile), (comprising one section of 
two go-cm. lights, and two sections of one go-cm. and one 60-cm. 
light each) ; Nos. 3 to7 Anti-Aircraft Sections, R.E. (with three fixed 
60-cm. equipments each) ; and these resources were distributed as 
follows :— 


I section of the 5oth (F.S.L.) Company, Boulogne. 
I a ‘ = », Audruicq. 

” _,, Advanced G.H.Q. 
No. rA.ASS., R.E., GIO. 1st Echelon. 


2 - G.H.Q., 2nd Echelon. 
5 8 ss Calais. 

a. A ” Abbeville. 

in 5 i Etaples. 

» Oo 7 Rouen. 

ne “2 Abancourt. 


. Bombing of Audruicg Depot, July, 1916.—On the night of the 
2and-23rd July, 1916, several enemy aeroplanes bombed the 
Audruicq Ammunition Depot. 

Only two lights of the 50th (F.S.L.) Company and two anti-aircraft 
guns were available at Audruicq at the time of this raid, and they 
were unable to render effective assistance in defence owing to the 
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fact that the lights on the ground might have disclosed the position 
of an ammunition train which was being loaded. Subsequently to 
the dropping of the first bomb, however, the aiming became wild, 
and the bombs were mostly directed against the searchlights them- 
selves. 

4. Searchlight in Observation Balloon, Somme, 1916.—During the 
first Somme battle experiments were carried out at the front by 
No. 2 Section of the 50th (F.S.L.) Company and No. 1 Kite Balloon 
Squadron, Royal Flying Corps, with a view to mounting a searchlight 
in an observation balloon, for the purpose of illuminating the ground. 
This was successfully accomplished, but the balloon itself was found 
to be so unsteady that accurate estimation of direction was impossible. 

A new form of searchlight, developed by the Royal Navy, for 
which a much increased light intensity was claimed, was tested at 
the front by the 50th (F.S.L.) Company, and efforts were made to 
employ searchlights to assist infantry and artillery in active opera- 
tions, but no opportunity presented itself during the battle. 

5. Bombing on Somme Front, September, 1916.—About September, 
1916, hostile bombing by aeroplanes by night began to develop in 
forward areas, particularly on the Somme battle line along the 
Maricourt Plateau. 

Machine-gunning of the roads by enemy aircraft also commenced in 
this area towards the end of the autumn, 1916, and as a counter- 
measure Nos. 2 and 5 Anti-Aircraft Searchlight Sections were ordered 
to the area between Montauban, Trones Wood, and the Somme. 
These lights were placed under the XIV Corps Heavy Artillery, and 
did excellent service in forcing enemy aircraft to fly at considerable 
heights, and in vastly reducing the damage done. Very few targets 
were actually detected in the beams, however, and this fact is 
accounted for by the unsuitability of the equipment available, and 
the excessive local noises due to gunfire and transport in the forward 
areas, together with the inexperience of the detachments. 

6. Bombing subsequent to Somme battle—Subsequent to the Battle 
of the Somme continuous hostile air raids were made by night along 
the whole of the Somme valley, extending as far as Amiens. 

No. 2 Section of the 50th (F.S.L.) Company, together with Nos. 
2 and 5 A.A. Searchlight Sections, were allotted to this locality, 
and it was credibly reported, but not officially confirmed, that one 
enemy aircraft was shot down in the searchlight beams on the night 
of the 8th-gth February, 1917. 

The detection of enemy aircraft in the beams was, however, an 
unusual occurrence at this period, owing to the causes mentioned in 
paragraph 5 above. 

7. Reorganization of A.A.S. Units—-By this time Nos. 8 to 18 A.A. 
Searchlight Sections had gradually arrived from England, and Nos. 
21 to 24 had been formed in France. These units were mainly 
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allotted for the defence of large ammunition depdts then being formed 
at Audruicq, Zeneghem, Saigneville, Abancourt and Dieppe, whilst 
No. 8 Section was sent to protect the Second Army Ammunition 
Dump between Abeele and Poperinghe. 

At this period all the A.A. Searchlight Sections were reorganized on 
ea basis of two lights each, because owing to the scarcity of resources ° 
it was found possible to allot only one section to any one place, and 
the triangle formed by three lights was generally subjected to 
bombing. 

The various local staffs responsible for the siting of the lights did 
not understand their use, with the result that the searchlights 
usually surrounded the position to be protected, and were in conse- 
quence apt to become more of a danger than a protection. 

The retreat of the enemy from the Somme battlefield afforded an 
opportunity of using searchlights as a means of illuminating bridge- 
building operations at night, and valuable work of this nature was 
carried out by the 5oth (F.S.L.) Company at Brie-sur-Somme. 

8. Institution of Office of Inspector of Searchlights—In January, 
1917, the Office of Inspector of Searchlights under the Engineer-in- 
Chief, G.H.Q., was constituted to assist in the formation and training 
of the units, and to advise the various staffs on the disposition of the 
resources. 

Late in 1916 the provision of a total of 45 two-light sections had 
been formally approved by the War Office, and it was reported that 
the 60-cm. lights were not effective, with the result that the War 
Office authorized an entire re-equipment with go-cm. projectors. 

To save delay, the personnel for the new units was sent to France 
without equipment, and this was eventually provided, as it became 
available, from England through the agency of an equipment depot, 
established under the Inspector of Searchlights at Calais. The 
go-cm. equipment to replace the existing 60-cm. plant was dealt with 
through the same depot. 

g. Development during the Spring of 1917.—During the spring of 
IgI7 enemy aircraft attacks were mostly confined to the Audruicq 
and Calais areas. 

In the former case the attacks were all unsuccessful owing to the 
improved anti-aircraft defences. 

This period and the early summer of the same vear were devoted 
to the training of the new personnel, equipment of the units, and 
co-operation with anti-aircraft artillery. 

A mechanical control for the searchlight projectors was developed, 
without which the useful action of the lights would have been almost 
impossible. By means of this device the projector controller was 
situated some 12 to 14 feet from the projector itself, and was thus 
able to see the target in the beam. 

10. Bombing during Summer of 1917.— During the early summer of 
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IgI7 enemy aircraft extended their attacks to the Isbergues Steel 
Works, Arras, St. Omer, Audruicq, Calais, and the Second Army 
area. The searchlights had by this time begun to detect and hold 
enemy aircraft in their beams, but still further experience and train- 
ing were required to make the personnel thoroughly efficient. In 
July, August, and September, 1917, very heavy night bombing was 
experienced in the XV Corps area on the coast behind Nieuport, 
and in the Second and Fifth Army areas in the third battle of Ypres. 
Two sections of 50th (F.S.L.) Company, and fourteen A.A.S. sections 
were accordingly concentrated in this area. 

The lights thus concentrated then began to work with great 
efficiency, and in spite of the misty atmosphere prevailing in this 
low-lying country it is reported that between 50 and 60 per cent. of 
raiding aircraft were detected and held in the beams. Several 
enemy aircraft were destroyed by anti-aircraft gunfire, and many 
were driven off. 

All enemy aircraft were forced to fly at heights of 6,000 to 12,000 
feet, with the result that the casualties were reduced to the minimum 
which might be expected from indiscriminate bombing of a large 
area. 

11. Lighting of Ypres Area.—The use of lights in the forward area 
was then developed on a line between Ypres and Brielen. The 
searchlights themselves were very severely bombed, and the provision 
of suitable earthwork protection for the personnel was perfected. 
Eventually, although casualties were still caused by shell fire, the 
efficiency of the earthwork protection was such that no casualties 
were caused by the effect of bombs when the men were actually under 
cover. 

The detachments showed great determination and courage in 
keeping the searchlights directed on to enemy aircraft whilst being 
heavily bombed, a result which there is evidence to show the enemy 
were never able to achieve in their own anti-aircraft defences. 

12. Lighting of Béthune Area —In the autumn of 1917 the Isbergues 
Steel Factorv and the B‘thune area were consistently bombed, and 
four A.A. Searchlight Sections were allotted for the protection of 
this locality. 

The action of the lights was not entirely effective, owing to the 
fact that they had to be scattered in an effort to cover the whole 
area, whereas in this very misty locality close concentration was 
essential for effective operation. Enemy aircraft, however, rarely 
flew at lower altitudes than 10,000 feet. 

Throughout the year attacks on Audruicq and Zeneghem were 
continually being made, but the anti-aircraft defences were sufficient 
to prevent any serious damage being done. 

13. Reorganization Committee—During this period the whole 
question of anti-aircraft protection again became pressing, with the 
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result that a G.H.Q. Committee was formed with representatives of 
Major-General Royal Artillery, Engineer-in-Chief, Director of Signals, 
Roval Flying Corps, and Machine-Gun Corps. 

This Committee took evidence at Army Headquarters from all 
who wished to express their views. Army Commanders, Corps 
- Commanders, Divisional Commanders, General Officers Commanding 
R.F.C. Brigades, Directors of Signals, General Staff, and M.G.R.A., 
were examined, with the result that a comprehensive report was 
made, containing recommendations as to the lines on which anti- 
aircraft development should proceed. An increase of 30 anti- 
aircraft sections was authorized as an initial measure. Owing, 
however, to the shortage of men at the time, it was found possible to 
provide only about 30 per cent. of the additional personnel (men of 
medical category “‘A’”’) from England, the remainder being found 
in France from category ‘‘B” personnel transferred from the 
infantry, and trained in the existing A.A. Searchlight Sections. 

Authority was subsequently given for the addition of a third light 
to each Anti-Aircraft Searchlight Section then approved, the 
personnel being found partly from “A” men from England and 
partly from “ B” men transferred from infantry in France. 

As a further result of the G.H.Q. Anti-Aircraft Committee, an 
Assistant Inspector of Searchlights, with the rank of Major, 
was authorized for each Army, and for L. of C., with the rank of 
Captain. 

14. Progress of Expansion of Lights—-The expansion to provide an 
additional 135 lights was in progress during the whole of 1918, and the 
Inspector of Searchlights arranged to form the whole of the 30 new 
A.A. Searchlight Sections, referred to above, by withdrawing experi- 
enced N.C.O.s and men from the older sections in France, and by 
the dilution of the establishments with category “B”’ men. This 
operation, which then became universal, entailed much work in 
connection with equipping and training the new sections. 

Simultaneously, twelve additional 3-light sections were authorized 
for the protection of the aerodromes of the Independent Air Force, 
none of which became available, however, before the Armistice. 

15. Employment of First Night- Fighting Squadron, R.A.F.—In the 
autumn of 1917 it had been foreseen that it would be necessary to 
use night-fighting aeroplanes to attack enemy aircraft, and a letter 
had been put up through the Engineer-in-Chief and General Statf to 
the Royal Air Force requesting that this should be arranged. About 
June, 1918, No. 151 (Night-Fighting) Squadron, R.A.F., became 
available for employment with the anti-aircraft resources in the 
B.E.F. This squadron was at first used in connection with a series 
of outpost lights in front of Abbeville, but the experiment was 
unsatisfactory owing to the fact that the area was not sufficiently 
extensive, and very few combats were reported. 
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Several more night-fighting squadrons had been authorized, only 
one of which became available before the Armistice. 

16. Proviston of Mobile Generating Sets.—At the time when the 
proposal for night-fighting squadrons was put forward it was decided 
to ask that all additional searchlights should be 120-cm. projectors. 
Further, the provision of mobile searchlight equipments, previously 
vetoed, had by this time been proved to be absolutely necessary, 
and all additional equipments were accordingly made mobile by the 
introduction of petrol-electric lorries. 

These mobile generating sets are of a complicated and highly 
technical nature, and it was considered advisable to select, and train 
as drivers, suitable men from amongst the skilled mechanics in the 
Searchlight Sections. This training was carried out in France. 

17. Forward Area Bombing, February, 1918.—During the winter of 
Ig17 enemy bombing at night had been slight, but about February, 
1918, heavy bombing began to develop in the Third and Fifth Army 
areas, where the soth (F.S.L.) Company, and 14 A.A.S. Sections 
were then concentrated. 

The forward areas thus covered were full of troops and horse lines, 
concentrated in anticipation of attack by the enemy. 

The action of the lights and guns was so effective that enemy 
aircraft rarely penetrated the areas, with the result that the casualties 
were comparatively small. In some cases the searchlights were able 
to pick up every enemy aircraft which approached the area. 

18. Defence of Railway Junctions, March, 1918.—In March, 1918, 
when it became evident that attack by the enemy was impending, 
anti-aircraft protection was hastily improvised for the important 
railway junctions at Hazebrouck, St. Pol, and Doullens, as follows :— 


Two A.A.S. Sections at Hazebrouck. 
Two A.A.S. Sections at St. Pol, and 
Four A.A.S. Sections at Doullens. 


19. Bombing during German Advance, March-April, 1918.— 
During the battles of March and April, 1918, forward areas in the 
First, Third, and Fifth Armies were heavily bombed, and owing to 
the fact that most of the lights in these areas were fixed, 14 sets of 
equipment were captured by the enemy, during his advance. 

Such mobile equipments as were available were maintained in 
action continuously within 2,000 to 5,000 vards of the line, and 
particularly in front of Amiens, Albert, and Isbergues. These lights 
rendered very valuable service in co-operation with the anti-aircraft 
artillery. 

The railway junctions referred to above were heavily attacked, 
but the anti-aircraft protection was apparently a surprise to the 
enemy, and his action was so much hampered that no serious damage 
was done to these vital points. 
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20. Bombing of Bases, etc., 1918.—During April and May, 1918, 
heavy attacks were made on Abbeville, Abancourt, Etaples, 
Boulogne, Calais, and Audruicq. 

Except in the case of the last mentioned, where considerable 
resources were available, great damage was caused, and this is 
attributable to the fact that the anti-aircraft defences were entirely 
inadequate. 

During August, September, and October, the First, Third and 
Fourth Army areas were heavily bombed, and A.A. Searchlight 
units were accordingly distributed as follows :—First Army, 9 
Sections; Third Army, 5 Sections; Fourth Army, 5oth (F.S.L.) 
Company, and 5 Sections. 

21. Organization of Lighted Belt on New Front—A _ captured 
German document shows that the enemy reported very heavy bomb- 
ing on the troops, etc., assembled in the Anzac Corps area in the 
Hallue Valley on the night of 21st-22nd August, 1918. 

The searchlights had, however, been pushed up in front of this area 
on the night previously, so that the bombs fell in advance of the 
troops and no damage was caused. 

Subsequently all available lights were pushed as far forward as 
possible, the foremost line being from 2,000 to 6,000 yards from the 
trenches, and eventually the lighted belt was extended along the 
whole front and provided with rows of searchlights two, three, and 
four deep. 

No. 151 Squadron, R.A.F., working in conjunction with this belt 
of lights, were able to destroy in flames some 25 enemy aircraft on 
our side of the line, with the result that in the end the bombing was 
limited to the areas in front of the foremost line of searchlights, the 
back areas being almost completely immune. 

Severe casualties were caused in places where lights were not avail- 
able, but the gaps in the lighted belt were closed as soon as practicable 
by new units hastily formed as the equipment arrived from England, 
or by old units from L. of C. which had been replaced by newly 
formed sections ; and eventually the casualties from hostile night 
bombing were reduced to a minimum. 

Lights were frequently in action at the front within two or three 
days of their arrival at Calais from England. 

22. Use of Lights during Final British Advance—The general 
retreat of the enemy during the closing stages of the war again 
afforded opportunities to utilize searchlights for illuminating bridge 
building operations at night, and much valuable work of this nature 
was carried out. 

It was also reported that the lights had been used in the forward 
area near Mons in connection with railway construction work. One 
searchlight had been placed at each end of a mile of railway track, 
and the beams aligned at an angle of about two degrees elevation 
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over the working parties. By this means the whole length of track 
between the two searchlights was illuminated sufficiently for the 
parties to work at night. 

From time to time during the course of the war the lights were, 
in addition, used to assist in trench raids and other minor 
operations as recall signals and aids to direction. 

23. Antictpated Development if war had gone on.—An additional 
sixteen 3-light sections had been approved in the late autumn of 
1918, and were almost ready for action at the time of the Armistice. 

If the war had gone on, an illuminated barrier, four lights deep, 
would have been established down the whole British front, and it is 
believed that the anti-aircraft defences in back areas could then have 
been considerably reduced, with the exception of those in the area 
between Calais and the line. 

It is thought that the efficient sound locators, suitable night 
binoculars, and more powerful searchlights which had become 
available, in conjunction with the high standard of training attained 
by all ranks, would have rendered the searchlights capable of dealing 
successfully with enemy aircraft at whatever height they might have 
flown in the future. 

24. Personnel of A.A.S. Sections -—-The personnel with anti-aircraft 
searchlights, which amounted to some 3,000 all ranks at the end of 
active operations, was found very largely from the London Electrical 
Engineers and the Tyne Electrical Engineers, with a proportion of 
regular Royal Engineers, and about 600 men of medical category 
‘““B” transferred trom the infantry. 

25. Training of American Units ——During the course of 1918 over 
1,000 officers and other ranks of the American Engineers were 
attached to the British Searchlights units in Army areas for instruc- 
tion, pending arrival of the American technical equipment. This 
personnel co-operated very closely with the British detachments, 
and the increased numbers thus available were of the greatest assist- 
ance during moving warfare, which necessitated much work in moving 
heavy weights and digging earthwork protection. On return to 
their own army the American personnel thus trained were very soon 
able to render effective service with their own equipment during 
the course of the battles in which the American Army was engaged. 

An Anti-Aircraft Company of Canadian Engineers, consisting of 
12 mobile go-cm. projectors, was formed in July, 1918, and rendered 
good service ; and had the war been prolonged throughout the winter 
of 1918, it is probable that the Australian Corps would also have 
formed an Anti-Aircraft Searchlight Company from Australian 
F-ngineer personnel. 

26. Concluston.—Experiences in France have shown that an Anti- 
Aircraft Searchlight Detachment requires the best equipment, a high 
standard of training, and, wherever possible, complete freedom in 
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control of action. An elaborate system of “ central control,’’ such 
as has sometimes been found necessary in connection with the defence 
of large ammunition depéts, has undoubtedly hampered the working 
of the lights in action ; and it is therefore suggested that they should 
be developed independently of the anti-aircraft artillery, as their 
work in the future will lie more and more in co-operation with night- 
fighting units of the Royal Air Force. 
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INUNDATIONS. 
CHAPTER I. 
THE COASTAL INUNDATIONS. 


INUNDATIONS were formed at Antwerp by the Belgians in the months 
of August, September, October, 1914, in accordance with the defence 
scheme of the fortress. 

Their extent, and the additional areas flooded by the Germans 
during their occupation, were shown on maps prepared by the 
Belgian Engineer-in-Chief, and handed by him to the Engineer-in- 
Chief, G.H.Q. The measures taken to form the inundations and to 
drain them were also available. 

The Antwerp inundations, although not tested by a siege, had some 
value. The Germans, in 1914, for strategic reasons, attacked 
Antwerp on its strongest side, which was covered by the Rupel, 
the two Néthe, and waterlogged ground; they were therefore 
compelled to place their heavy artillery at such a distance from the 
fortress that, although they could bombard the forts at 14,000 yards 
range, they could not reach the town itself until they had driven the 
Belgians from the Grande Néthe and moved their guns across it. 

Partial inundations were attempted by the Belgians during the 
retreat from Antwerp towards the Yser line. They are said to have 
failed, owing to their being put in hand too late and to the peasantry 
interfering with the control sluices in order to prevent flooding of 
their land. The area between Zeebrugge, Bruges and Nieuport 
could have been flooded had organization existed and time permitted. 

The first coastal area successfully flooded was that of the River 
Yser, extending from Nieuport to the coast, south to Dixmude, 
thence south-west and west to the junction of the Loo Canal and 
the Yser River (canalized). This is shown on the map. 

This inundation was formed by opening the sea gates at Nieuport 
and allowing the tides, which rose higher than the land, to enter and 
flood the country. The railway bank from Nieuport to Dixmude, 
and, south of that, the river towpath formed a barrier to the spreading 
of the water westward. The entry of the sea was facilitated by the 
existence of drainage canals discharging under control at Nieuport, 
as well as by the river itself. This inundation, from its formation 
in 1914 till the retreat of the enemy in 1918, covered the main line 
of defence in the coastal area. 
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In order to maintain a sufficient depth of water in the higher 
reaches, dams to impound Yser water were constructed near the Old 
Fort of Knocke, at the junction of the river and the Ypres Canal, 
and at St. Jacques Capelle. 

The general depth of water was nowhere great, but, owing to the 
natural softness of the ground and the many ditches and small 
watercourses, a very formidable obstacle was created. 

The state of the inundations was carefully watched by means of 
gauges and aeroplane photographs. In the summer of I915 the 
water-level began to fall dangerously low and, to maintain it, the 
British Army, at the request of Belgian G.H.Q., installed two pump 
barges discharging one million gallons per hour at Fintelle Lock, 
where the Loo Canal and Yser meet. From the Loo Canal, which is 
normally one metre lower than the Yser, sea water was pumped up 
into the river. This pumping was carried out each summer, the 
barges being used elsewhere in winter for drainage work. They were 
never hit by shell or bomb, though close to the front. 

There seems little doubt that the Germans accepted the Yser 
inundation, preferring a stable flood on this part of the Front to the 
tidal one which would have resulted had they destroyed the controls 
by continued and persistent bombardments. They actually con- 
structed two concrete dams across the Yser between Dixmude and 
Nieuport, which could have no other purpose than to maintain the 
water in the Yser. The bombardments of Nieuport which took place 
would appear to have aimed rather at destroying the Yser bridgehead 
at Nieuport, and any navigation possibilities of the port of Nieuport, 
and in this in 1917 they were largely successful. 

During 1914-15 the technical possibilities of further inundation 
that the Allies could create in the coastal region were worked out on 
general lines and recorded by the Engineer-in-Chief’s staff, in con- 
junction with the French and Belgian authorities. The same was 
done as regards the inundations that the enemy could form there to 
oppose our advance. 

The records included maps showing the areas flooded at different 
water levels and a table showing summarily ‘‘ Water used,” ¢.g., 
“Yser "’; work required (or cause of inundation in case of enemy 
inundation), e.g., ‘‘ barrage at Knocke’’; time required to form 
inundation and remarks, e.g., ‘‘ could be drained into Loo Canal by 
opening sluices at Fintelle.”’ 

In 1917, when the AV British Corps was operating on the coast, 
the inundation there became of special interest, as practically the 
whole of the coast of Belgium could be flooded (see map). 

The working of the control of the Yser inundations continued in the 
hands of the Belgians, but under the supervision of a specially 
qualified Engineer Officer attached by G.H.Q. to AV Corps Head- 
quarters. 
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A detailed report of this inundation control with an appreciation 
of possible enemy action, as regards using inundations to supplement 
his defences, was prepared. 

In conjunction with the coastal inundations the flooding of the 
country adjacent to canals on the line St. Omer-Watten-Furnes 
was also studied in 1914-15. This could be done by raising the level 
of the waterways, either gradually by using the fresh water of the 
river Aa, supplemented by that of the Lys, admitted at Aire; or 
quickly by letting in sea water via Gravelines and Dunkerque. No 
important dams were necessary except at Watten; material for the 
construction of one was collected and stored there. 

The country in front was also studied from the point of view of 
inundations which could be made. The courses of the Lys, Schelde, 
Sensée, Scarpe and Deule were investigated and sufficient data for 
General Staff purposes recorded. 

When, owing to the Russian collapse, an enemy offensive became 
probable in 1918, a more detailed technical study of the coastal 
inundations was undertaken, and a specialist, Captain A. P. 
Macdermid, of the Indian Canal and Irrigation Service, was eventu- 
ally attached to the Engineer-in-Chief’s Staff for the purpose. A full 
report of the inundations was prepared and forwarded to the General 
Staff in January, 1918. 

A visit to the Engineer-in-Chief, Belgian Army, showed that the 
situation was thoroughly understood by him. Should the Belgian 
Army be driven from the Yser lines, he was prepared to inundate the 
ground between the Loo Canal and the Dixmude-Nieuport railway 
embankment, then the main line of defence. Were Nieuport lost, 
the area could only be flooded from Dunkerque. The gravity supply 
for this purpose was only available through the Dunkerque-Furnes 
Canal at periods of high water ; and unless the northern bank of the 
Canal were raised three feet for a length of 5,000 yards from Zuydcoote 
eastwards, a considerable area between the sea and the canal would 
be flooded. This was most important to avoid, as it would interfere 
with the general defence. 

To overcome these difficulties the Engineer-in-Chief, G.H.Q., 
arranged the heightening of the canal bank and the installation at 
Dunkerque of six powerful petrol-driven pumps, delivering 345,000 
cubic metres in the 24 hours into the canal from the sea. The French 
authorities also agreed to allow, if necessary, the docks at Dunkerque 
to be used as a storage basin during high-tide periods to feed the 
gravity flow of the canal. The engine-house, which was protected, 
was not damaged during the frequent bombardment and bombing 
of Dunkerque. Actually the necessity for creating the Loo inunda- 
tion never arose. 

Arrangements for the coastal inundations in French territory were 
made direct between the Governor of Dunkerque, Général de Division 
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Pauffin de St. Morel, and the Engineer-in-Chief, the D.D.I.W.T. at 
Dunkerque, Lieut.-Colonel D. Neill, a former Submarine Mining 
Militia Officer, acting as the E.-in-C.’s /1a1son officer with the Governor. 
Power to give orders for actual execution of the inundations was 
reserved by Marshal Foch. 

The necessary work of preparation, etc., was carried out aby the 
personnel of the Inland Waterways and Docks, under instructions 
of the Engineer-in-Chief, as,owing to the retirement of the British 
Armies in March-April, 1918, the I1.W. and D. had very little of their 
legitimate work of transport to do. 

First one, and subsequently a second, pile dam was constructed 
across the river Aa at Watten. They were provided with navigable 
openings closed: by lowering cross baulks into prepared grooves. One 
acted as a reserve in case of damage to the other. Further, the pair 
enabled limited navigation to be maintained to the last moment, as 
the space between served as a lock chamber. The closing of the dam 
by cross baulks also permitted the level of the water held up to be 
easily varied as required. 

A great deal of careful reconnaissance and levelling had to be done 
to verify how the inundation would affect the roads required for use 
if a further retirement took place, and areas occupied by British 
installations. In this work a French Engineer Officer on the Staff of 
the Governor of Calais was of great assistance. Certain roads had 
to be raised or protected by small banks ; in particular, embankments 
had to be made to protect the railway establishment at Bergues ; 
and pumps were installed to secure the drainage into the canal, 
when its level was raised, of the important Ammunition dumps, etc., 
at Capelle Brouck (Zenechem), north of Watten, etc., etc. 

The only works required on the canals, additional to existing peace- 
time sluices, were one or two control openings, formed by cross beams 
held in position between well-driven piles and the masonry of the 
opening, and the substitution of cross beams for the gates at the locks ; 
the masonry was already provided with grooves for them. 

_ Orders were received from Marshal Foch on 14th April to commence 
the inundations between St. Omer and Furnes to cover Dunkerque, 
but with fresh water and to a certain level only. They were made in 
three stages, by letting the water into the deepest section first. 

These preliminary inundations were maintained until 17th August, 
when orders were received to let them down. Sanitary precautions 
had been foreseen, and measures were taken directly the ground was 
free of water, to remove dead fish and other débris, clear ditches and, 
where necessary, apply disinfectants. These precautions were much 
assisted by heavy rain and no unpleasant consequences ensued. 
Had it been otherwise, it was proposed to lower the canal levels below 
normal for a few days to secure the complete drainage of all ditches 
and then to flush them by raising the level for a few hours. 
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The remainder of the coastal inundations would have been made by 
sea water introduced by the sea-gates at Dunkerque, Gravelines, and 
Calais. This fortunately was not necessary. All preliminary work 
required, however, was either carried out or prepared for, e.g., the 
ditches were kept as full as possible with fresh water, and roads and 
canals embanked. 

In laying out the lines of defence which were constructed during the 
period after the German attack of 21st March, 1918, the inundations 
were taken into account. 

To prevent unnecessary loss of fresh water by locking whilst traffic 
still continued in the canals, pump barges were stationed at Watten 
and various locks to put it back to the higher level. Further, the 
number of barges passing was limited, and lock discipline was 
enforced, so that the locks were only opened twice a day. 

The partial preliminary inundation was most useful in discovering 
weak places in the embankments and small gaps which had been 
overlooked. 


CHAPTER II. 
INUNDATIONS IN ARMY AREAS. 


Opper Somme and Oise Inundations (see map).—These inundations 
on the Fifth Army Front were thoroughly investigated in the winter, 
1917-18, and a report was prepared for the General Staff. 

As therein pointed out, destruction of the bridges and long cause- 
ways over the river flats was of far greater importance than inunda- 
tions—a point that was brought particularly to notice when the 
enemy was followed across the Somme in 1917. 

Owing to shortage of labour, very little had been done before the 
21st March, 1918, when the enemy offensive opened. 

First Army Area.—In 1918 inundations in front of Aire; of the 
valleys of the river Lawe, south of Béthune; between Robecq and 
Aire, round Chocques and Busnes; in the areas north and south of 
the La Bassée Canal and east of Béthune ; and in the Scarpe valleys, 
were reconnoitred and prepared for, but the necessity to make them 
did not arise. 

Third Army Area.—During the offensive at the end of March, 1918, 
the rivers Ancre, Hallue, Avre, and Celle, and the Somme from Sailly 
to Amiens were reconnoitred. Inundations were formed on the 
Ancre and the Hallue and proved of considerable service. 

Fourth Army Area: April—July, 1918. Preparations for inunda- 
tions were made as follows (see map) :— 


(1) Four dams were constructed in Amiens, intended to impound 
the flow of the River Somme. A continuous inundation 
would have resulted, extending for about six miles up the 
Somme valley to Blangy—Tronville. 

The river Avre would also have overflowed at the same 
time, causing an inundation from its junction with the 
Somme, extending for about three miles to a point north- 
west of Boves. 

(11) Work was completed on the river Celle to admit of inundations 
west and south-west of Amiens so far as Pont de Metz. 

(ii) Existing ponds in the neighbourhood of Argoeuves were 
extended in order to increase the water obstacle in front of 
a G.H.Q. line of defence, which crossed the Somme se 
in the neighbourhood of Ailly. 

(iv) The ponds and marshes situated in the Somme valley, between 
Amiens and Picquigny, were maintained at required levels 
by the introduction of small temporary dams in the drainage 
channels at various places. 
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Lower Somme, Canche, and Authte-—The situation in March, 1918, 
made it desirable to investigate the possibilities of flooding the Somme 
valley between Amiens and the sea. 

A detailed survey was commenced in April by officers and men 
borrowed from an Electrical and Mechanical company ; for the data 
in possession of the Ponts et Chaussées of the Department of the 
Somme, the record of French bench marks, and maps available were 
quite inadequate for the purpose. 

In May, 1918, a special unit, the Inundation Section, R.E., with 
an establishment of seven officers and twelve other ranks, was 
authorized and formed to carry on the work. 

An inundation map of the Somme valley was prepared by the 
Section. It was found possible to inundate the valleys by sectors, 
the embanked roads across the valley serving as dams. 

A record of the exact measures required, v2z., raising the height 


of the lock gates and weirs, places for cutting sluices, labour and — 


material necessary, etc., was made. No work, was, however, actually 
carried out. 

Similar maps were subsequently prepared for the valleys of the 
Canche and the Authie. 


CHAPTER III. 
ENEMY INUNDATIONS. 


In the Allied advance of 1918, enemy inundations promised to 
become an important obstacle ; the possibilities had been generally 
foreseen, and put on record in the earlier years of the war, as already 
stated. As soon as the enemy advance of 1918 was held, 
a more detailed study was made of what he would be in a 
position to do, and what, in the light of our own experience, he 
would be likely to do, when the time came for our advance. As the 
situation changed from day to day and week to week, these forecasts 
were revised, and the General Staff at G.H.Q., and the Armies 
concerned, were kept advised, alike of what to expect on their fronts 
and of the manner and degree in which control or interference could 
be exercised by us, and how drainage could be affected. 

Appendix I gives the form in which the summary of information 
was issued, and rough maps were attached. 

Appendix II is a memorandum of general instructions as regards 
measures to be taken. 

In the Intelligence Reports on various areas in front of the Armies 
a section dealing with Inundations was prepared in the Engineer-in- 
Chief’s office. 

Officers and men of the Inundation Section with two officers of I. W. 
and D. were sent out to assist Chief Engineers in dealing with enemy 
inundations. As some inundations affected more than one Army, a 
certain amount of central control was exercised by means of liatson 
officers, but this proved insufficient. In one case the arbitrary 
lowering of an inundation by one Army caused the carrying away of 
the bridges of another. A fully staffed central control is necessary 
in such a Case. 

Early in the advance a captured document (sce Appendices ITI and 
IV) showed that in the case of small, or local inundations, our forecast 
had been correct, and that on account of fear of tanks the enemy 
defence schemes mostly included inundations. From the heavy work 
involved in carrying out these minor inundations (it included making 
a series of concrete dams), it seemed certain that, as much greater 
results would be obtained from the expenditure in labour and matenal 
on the Sensée, the Deule, the Lys, and the Schelde Rivers, carefully 
prepared inundations would be met with in these valleys. 

In the result: on the Lys no inundations were attempted; on 
the Sensée a good inundation was formed which held up our advance, 
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but at the expense of using up the supply of water required for the 
Deule, the control of which we were able to keep from the enemy 
On the Deule, preparations had been made, dams built and inunda- 
tions commenced, but, partly owing to too late a start, partly to the 
rapidity of our advance at the control points preventing a maximum 
flow of water being sent down the Deule, the inundations had not 
formed to any extent till we were across the waterway and able to 
drain them. 

On the Schelde a great deal of heavy work had been done, and 
extensive inundations made, forming practically a continuous belt 
from Cambrai to Audenarde, except for the gorge between Antoing 
and Tournai. The extent and depth of these inundations was con- 
siderably modified by our obtaining control of Estrun and Douai, 
and diverting the head waters of the Escaut, Sensée, and Scarpe 
Rivers down the Deule Canal into the Lys. The results from this 
control would have been greater had an organization and labour 
been available behind the advancing troops to clear at once the 
obstructing dams and bridges from the canal bed. As it was, our 
communications on the Scarpe and on the Escaut above Valenciennes 
were drained in a day or two after our arrival on the line of the 
canal. 

The effectiveness of the enemy inundations was considerably 
handicapped by his policy of utterly destroying the masonry works 
on which the holding up of the inundation depended. When he had 
had time to build dams, this policy did not affect the inundations ; 
elsewhere it contributed to their rapid draining off. 

The work of draining inundations included in the first instance 
regaining control of the waterways by building temporary dams of 
horizontal baulks set between uprights; blowing up dams (some 
concrete) ; clearing débris from the locks and channel (demolished 
bridges formed particularly difficult obstacles to remove) ; filling 
cuts and breaches in the canal banks ; removing delay action charges 
from banks, siphons, etc. ; repairing or blocking damaged siphons. 
It was hoped to obtain assistance from the Inland Waterways and 
Docks for this work, but a decision having been given that the 
department was not organized for forward work, it had to be carried 
out with such labour as could be spared from Armies. Some 
technical details of this work are given in Chapter V of the volume 
on ‘‘ Bridging.”’ 

Once control was re-established in the upper reaches, the various 
routes open for sending down the upper water of the Schelde and 
Scarpe, and the storage capacity of the Sensée and Palluel marshes 
made the lowering of the water in one or another channel, as desired, 
comparatively easy. 
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CHAPTER IV. 
INFORMATION REQUIRED FOR INUNDATION FORECASTS. 


(a) River and canal plans on scale of at least 1/40,000, but better 
1/25,000. 

(b) Spot levels on the flood basin of the river or low ground irngated 
by the canal. These were supplied on the Belgian orginal 
1/25,000 ; less completely on the 1/40,000 ; none were avail- 
able on French maps or on English Army Ordnance maps. 

(c) Typical cross sections of canal or river. These were supplied 
in many cases in various War Office publications, such as 
‘“ Belgian Waterways’; but in every case the essential 
feature of height of canal bank, or of river flood protection 
bank above ground level, was omitted. 

(d) Nature and dimensions of locks, weirs, sluices or other water 
controls of canals and rivers, both those across the river 
and in the side, or flood protection, banks. The former are 
particularly well done in “‘ Belgian Waterways,” but the 
information was largely absent for French waterways. A 
typical sketch might have been added with advantage, and 
the levels of top of masonry works given; these latter are 
the data for maximum inundation level. 

(e) Normal flood slope of water surface, reduced level, velocity and 
discharge of all streams and canals should be tabulated. 

(f) Brief précis of the accounts of natural floods taken from 
technical journals, if recorded, yield invaluable information 
for inundation forecasts. 


The study of the Authie and Canche valleys shows that, even with 


relatively small streams, local obstacles of considerable value can 
frequently be formed by means of inundations, without much labour. 


A good deal of approximate information of this nature, but still 


of value, can be obtained by ordinary tourist sightseeing in countries 
where formal measurements or enquiries are undesirable orimpossible ; 
the points to note are :— 


(i) Distance apart of locks, weirs or mill sluices, and facilities for 
raising water level by closing them. Ground with drainage 
or irrigation channels communicating with the main water- 
way. 

(ii) Ground at or about water level; ground 3 ft. or more above 
normal water-level will generally be above inundation level 
without heavy work. 
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(111) Where a lock or weir exists on a stream, the ground above 
this work may be easily floodable, while the ground below 
may be too high to flood. 

If, however, the ground above the lock is connected with 
the ground below the lock by drainage channels, then 
discharging water into the ground above the lock may also 
inundate ground below the lock. 

(iv) Approximate height of roads, tow-paths, or flood banks along 
a stream, canal or river, (a) above water-level and (5) above 
adjacent ground level beyond the bank or road, will furnish 
a useful cross-section thus :— 


Inundation maps required by the General Staff need only show the 
areas affected and the approximate time required to flood them ; in 
addition, the roads usable at the various stages of inundation should 
be coloured. 

Detailed maps should be prepared for supply to Chief Engineers. 
and C.R.E.s, who may have to carry out the work. 


CHAPTER V. 
GENERAL DEDUCTIONS; 


The following general deductions may be drawn from the experi- 
ence of 1914-19 :— 


(a) Inundations are rarely impassable obstacles unless made over 
naturally marshy ground, or the land is much broken by 
pools, ditches, fences, etc., or has been specially prepared 
by cutting ditches and wiring before the water is allowed 
to flow over it. 


(b) Flooded pasture or cultivated ground is not difficult to cross 
unless the water is deep. It should be easily passable by 
infantry within 24 hours of removing the water, and by 
wheeled vehicles in 72 hours at longest. A shallow inunda- 
tion over such ground is always passable. 


(c) The thorough destruction of causeways and bridges in river 
valleys produces a far more serious obstacle than 
inundations, which, without great labour, can be drained 
in a short time. 


(d) Like any obstacle, inundations are of little use unless defended 
by fire; the passages across them must never be left 
unguarded. 


(e) The drawbacks to the use of inundations are :— 


(i) That they take a considerable time to form and, to be 
effective, they usually have to be formed behind the 
defending Army. 


(i) That what forms an efficient obstacle to an enemy 
advance is later a handicap to the defending force 
when it is required to counter-attack. 


These drawbacks are less important where the inundation 
is used to shorten the line, as the Belgian coastal inunda- 
tion was, though there also, some of this advantage is in 
time shared by the enemy. 


(ft) Velocities of 3 to 4 ft. per second are perfectly safe to use in 
making inundations. 
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(g) Alternative water controls are necessary ; also means at hand 
for the speedy repair of a control damaged by shell-fire. 

It is advisable to make two controls close together on 
important waterways, not only as a safeguard, but to form 
an extemporized lock, so that navigation need not be inter- 
rupted until the last moment (as was done, for example, at 
Watten). 

(h) Important controls must be guarded, small ones watched. 

Serious damage was done near Douai by some soldiers 
removing the wooden baulks of a canal control to use for 
their own purposes ; and also at the same site a serious 
flood was imminent,due to the unauthorized closing of a 
lock gate (the lower gates of the lock had been destroyed by 
the Germans, which rendered the reopening of the upper 
gate a difficult matter) ; farmers near St. Omer in 1918 
endeavoured to prevent the flooding of their own lands by 
removing small controls at night. 


(i) The enemy’s water operations, both as regards interference 
with, or obtaining control of, our inundations or prepara- 
tions to form inundations, must be carefully watched by 
the usual Intelligence methods under supervision of a 
technical officer. 

The effect on the drainage system of neighbouring ground 
must be watched. 


(j) Special measures must be foreseen to keep inundations open 
during a frost (this was done on the Belgian front by 
shelling), and may have to be taken to keep them up to a 
suitable level during the dry season in summer (pumping 
from lower levels). 


(k) A partial trial inundation is most useful, as it generally reveals 
small outlets and weak places by which water may escape. 


(1) After an inundation is drained, sanitary measures are required 
to clean up the ground. 


(m) A technical staff is required of both officers and men intimately 
conversant (but not exclusively) with water control in theory 
and practice, also not entirely unacquainted with the theory 
and conditions of warfare. 

The unit should be large enough to provide detachments 
to strengthen field units carrying out the work, as well as 
staff for collecting data, survey, design, supervision and 
control. 

The only unit actually formed was the Inundation Section, 
R.E., authorized in May, 1918. Both in numbers and 
transport it was inadequate for the work required. 
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(n) As much information as possible should be collected in peace 
time. In 1918, even with the assistance of the French, no 
one, for instance, who had recent knowledge of the controls 
near Palluel could be found ; the only evidence was that of 
a subordinate official who had assisted in the construction 
some 12 years before. 

As regards the Canal du Nord near Valenciennes, no 
information whatever could be obtained. 

The canal and river pocket maps gave details of the locks, 
but otherwise contained none of the information mentioned 
in Chapter IIT. 

(o) It was always supposed that the admission of sea water would 
ruin pasture land ; this has not proved to be the case in the 
area affected by the Belgian Yser inundation. 
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APPENDIX I. 
POSSIBLE GERMAN INUNDATIONS (ISSUED TO ARMIES). 


This was issued in tabular form with the headings :— 

(1) Number. (2) Between which towns situated. (3) Name of river 
or canal. (4) Water supply and water control. (5) Measures possible 
to prevent inundation. (6) Measures possible to remove inundation. 
(7) Consequence elsewhere of action under (5) and (6). (8) Reference 
to detailed report, and remarks. 


GENERAL NOTE. 


In canalized rivers there is a ‘‘ barrage’’ at intervals, converting the 
river slope into more or less level reaches (or slopes I in 50,000 or less). 
These barrages exist in masonry abutments and piers with vertical 
grooves into which baulks, or cross-beams, can be dropped. These 
baulks,in position, allow water to flow over them, constituting the 
‘weir ’’ shown on our maps. By putting in more baulks the weir 
becomes a dam, and the structure can thus be used to form inundations 
above it. In time, water again will flow over it and so become available 
for the next reach lower down. The breaching of this dam would 
result in the fall of water-level and removal of inundation. 

In canals, the water is more nearly level than in canalized rivers and 
is held up by a lock. The raising of water level in a canal is limited 
(supposing water available)— 


(2) by height of bank or tow-path above canal (usually only 2 ft. 
to 3 ft.); and 
(6) by height of lock masonry (usually same as tow-path). 


This maximum is further limited by the necessity of converting the 
level water into water with a sloping surface, in order to obtain a flow. 
This slope can be taken as I in §0,000. Thus, a level reach of 25 kilo- 
metres (not uncommon) requires the water to be 1-6 ft. lower at one 
end than at the other. With the tow-path limit of 2 ft. to 3 ft., this 
makes it impossible to raise the water level much, and at the same time 
obtain a flow sufficient to form an inundation in a reasonable time. 
The destruction of the lock will prevent an inundation being formed 
till a substitute is constructed. 

In rivers, uncanalized, inundations can be formed by making dams 
across the river valley. Under war conditions, blocking the stream 
at a road embankment, with a weir or sluice for the surplus water, is 
the most that is likely to be done. This limits the area floodable, 
according to the slope of the valley, as road embankments will not 
usually be over 3 ft. to 4 ft. high. 
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APPENDIX II. 
OBSERVATION AND COUNTERACTION OF ENEMY INUNDATION. 
MEMORANDUM TO CHIEF ENGINEERS OF ARMIES. 


To enable us better to anticipate enemy action as regards inundations, 
it is desirable that any experience of inundations attempted by the 
enemy in the present movements should be accurately recorded whenever 
possible by an officer who is able to appreciate the technical features 
required in the information, and to correlate effect with cause. 

Recent defensive inundations have shown that, unless the ground is 
naturally marshy or ditched, or is prepared beforehand by ditching 
or wiring, or both, shallow inundations need not form a serious obstacle, 
especially when the water is not long on the ground. 

As a general guide, the following points are suggested for 
observation :— 


(i) Nature and dates of first and succeeding indications of preparatory 
measures, such as work on dams, embankments, etc. Low 
wiring of possible flood areas. 


(ii) Actual commencement of flooding. 
(iii) Area flooded and depth. 
(iv) State of ground as an obstacle when crossing is attempted. 


(v) Accurate record of work actually done by enemy, once the ground 
comes into our occupation. 


vi) Steps taken to counteract enemy action of this nature, and 
results obtained, such as :— 
(a) Reducing the water supply by a counter inundation. 
(6) Reducing the water supply by breaching enemy dams or locks. 
(c) Reducing the water supply by breaching banks behind enemy, 
or 
(dq) Drainage by breaching enemy embankments. 
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APPENDIX III. 
GERMAN INUNDATION METHODS. 
St. Quentin Canal and the Upper Escaut Valley. 


FRoM captured documents certain principles may be deduced with 
regard to the inundations likely to be formed in front of the Hindenburg 
line. 

The principles would appear to be somewhat as follows :— 


Canals. 

Where too close to the front for general navigation, they will prove 
useful defensive obstacles; they should be made safe for the latter 
purpose by :— 


(a) Building dams (weirs) at the locks (or near to them). 


(0) Forming reservoirs on low ground above a lock, with a connecting 
sluice between the canal and this reservoir, sufficiently large 
to draw off canal water which would otherwise escape by the 
broken dam. 


A possible arrangement is sketched below. The exact enemy 
arrangement is not known. 


(c) Use of canal for local navigation between dams (by small boats 
probably) is continued. 


& 

Stuice, Automatic Shut: 
« Cana\ -tor Opening with fall 

of Canal woter 


Dam at level Were at Maximum 


ot anormal water \nundeation level. 


It would appear that it is intended to construct only two such 
reservoirs, but as these two reservoirs would only affect the very short 
reach in front of them, it must be assumed that the reference to them 
is merely illustrative, as the longest and most vulnerable reach 1s not 
so protected. 

In all, 16 dams are provided for a canal length of 24 km., or I per mile. 


Rivers. 


For a short length of 9 km. it is proposed to construct 8 dams with 
sluices, in order to spread the river water over the valley flats which, 
according to the contours on our maps, have a general fall of I in 500. 
That is to say, each dam would be some 6 ft. high. The result will 
not be a standing inundation but will ‘“ cause the marshy ground of 
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the valley to become more swampy.’ The Germans have prepared 
maps on the large scale of 1/5,o00 for inundation work. 

It should be noted that the valley of the Escaut, in which the 
St. Quentin Canal runs, from Le Catelet to Cambrai, can probably be 
inundated to this extent with no more labour than proposed at the 
south end of the canal in the Upper Somme valley. 

This would appear to be particularly the case between :— 


Vendhuille and Honnecourt. 

Bantouzelle and Crévecceur. 

Masnictres and Marcoing Station ; possibly at Noyelles. 
Froville and Cambrai. 

Cambrai and Escaudceuvres. 

Ramillies and Thun. 


Swampy ground may be anticipated at these places and should be 
looked for by air observers. 

In any case from Le Catelet to Cambrai there will be two water 
obstacles—one the Canal St. Quentin, 60 ft. between banks, the other, 
the River Escaut, of about the same size as the Scarpe at Arras, before 
it is canalized. Canal is ‘‘ cutting,’’ except above locks, where it is 
in “ bank.” 

From Cambrai to the junction of the Sensée Canal above Estrun, 
the canal and river run in one channel, except at the locks, v1z., Erre— 
Thun—lIwuy, where there are two channels (as on the Somme below 
Peronne). 

The canal in this length is the Haut Escaut. 

The valley here will prove marshy, easily flooded, with possible 
crossings, probably three in number, vtz., Ramillies, Escaudceuvres, 
N. of Thun and S. of Estrun. 

It is thought that the value of the inundations will depend on the 
time that they have stood on the ground. If they have been in existence 
some time, even if they are drained off, the ground will be soft and 
marshy. If they are made only shortly before our forces reach them, 
the ground should be quite practicable for infantry without any draining. 
In fact, they will be easier to cross if they are not drained, as this 
process would produce a sticky surface. After the Haute Colme 
inundations had been out for three months over agricultural ground, 
men on foot did not go more than ankle-deep into the lowest portions 
which were still slightly under water; but the ground that had been 
shortly before drained of water, was a stiff mud, very sticky, and more 
difficult to cross. 
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APPENDIX IV. 
Translation of a German Document. 


SHORT NOTES ON THE DAMS AND THE UTILIZATION OF WATER COURSES 
AS A FRONT LINE OBSTACLE FOR THE IST SIEGRFIED LINE. 


From Bellicourt to South of St. Quentin. 


THE highest level of the canal lies between the locks Lebousquet 
(First Army) and Lesdins. The canal is fed by the ‘‘ canal d’alimen- 
tation ’’ (Rigole) at Lesdins (1000 sl.). 

In order to preserve the canal as a front line obstacle, 1.e., to prevent 
water draining away, the following works were carried out :— 


(a2) The locks at Morcourt and Lesdins were blocked up with cement 
and sacks of sand. Any further obstruction of the canal by 
sunken vessels, sandbags and concrete can be arranged for later, 
in case of necessity, by the Corps H.Q. at St. Quentin. For the 
time being, the canal between Morcourt and Rouvroy should be 
used behind the bridgehead position as a waterway for barges. 
Vessels and barges ready to be sunk are lying beside the main 
road bridge in St. Quentin. 

(0) In each of the tunnels at Bellicourt and Le Tronquoy two dams 
should be constructed, with four others on each side of Bellen- 
glise, in order to shut off the water and prevent the whole 
canal being emptied, should it be destroyed at Bellenglise 
where its level is higher than the level of the surrounding 
country. Artificial flooding on the west side of the canal, 
south of Bellenglise, soon drains away and cannot therefore 
be regarded as a permanent obstacle. 

(c) Flat low-lying areas (west side of canal at Omissy and Brocourt) 
should be inundated, so that the canal shall not be entirely 
emptied if the dam is destroyed. The water-level of the 
canal will then only subside to the level of the inundations. 

(2) Damming the canal at Bocourt. 


All dams and locks only hold back the water up to its normal height 
and allow any additional water to overflow. 

In addition to the canal, the low ground of the Somme valley, east 
of the canal, can also be utilized as a good front line obstacle. 

The naturally marshy ground will be rendered more swampy by 
constructing dams with suitable sluices. This can be done between 
Lesdins and La Biette, at and north of Morcourt, Moulin Brilé, Rouvroy, 
St. Quentin bridge, railway bridge at Rocourt and La Biette. 

The water-level of these inundated areas can be regulated by sluices 
in the canal just north of the St. Quentin bridge. 

For information as to the proposed constructions for the maintenance 
of the canal level and for the inundations, see 1/5,000 Map, Part III, 
Enclosure 1 of this Memorandum. 
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SCHOOLS. 
CHAPTER I. 
INTRODUCTION. 


Four main Royal Engineers Schools were established in the B.E.F. 
under the Engineer-in-Chief during the War. 

These were :— 

(a) School of Instruction :-— . 
For Officers Commanding and Second-in-Command of Field 

units. 

First started during the winter, 1916-17. 

(b) Training School :— 
In connection with the R.E. Base Depét. For all ranks 
of Royal Engineers and later also for Officers and N.C.O.s 
of Pioneer Battalions. 

Formed early in IgI7. 

(c) Heavy Bridging School :— 
First started in a small way early in 1915 at the R.E. 
Stores Depét, Havre. Developed into an independent 
school during winter, 1916-17. 

(dZ) Army Mine Schools :— 
First started during 1915 for instruction in mine rescue 
work—developed during 1916-17 into general mine schools 
with a regular establishment authorized for each Army. 


The history of (c) is fully described in the volume on “ Bridging,” 
and that of (d) in the volume on “ Military Mining.” 

In the following pages will be found a short account of the work 
done, and lessons learnt at (a) and (0). It should be clearly under- 
stood that the statement of these lessons and the deductions drawn 
from them are in no way set down as authoritative. They represent 
simply the views of the officers in charge of the schools as a result of 
very considerable and varied experience. The reader must decide 
for himself the value of such views. In the case of the Rouen 
Training School, especially, many of the rules for trench-work that 
are enunciated have always been, and will probably always remain, 
the subject of controversy and divided opinion. But the School had 
the great advantage of being in close touch with the real conditions 
and developments at the front through the medium of its ever- 
changing personnel, both in instructors and students—many of whom 
came practically straight out of the trenches. For this reason the 
conclusions arrived at have a definite value and deserve careful 
study. 

Z 353 


CHAPTER II. 
R.E. SCHOOL OF INSTRUCTION. 


This School was first started during the winter, 1916-17. It was 
primarily for Officers Commanding Field Squadrons, Field Companies 
and Army Troops Companies. Each class was to consist of about 
40 officers, who were to remain at the School a clear week, and it was 
thus hoped that all O.C.s would be able to attend during the time 
they could best be spared, t.e., before spring operations commenced. 

The object of the School was threefold :— 

(i). To enable officers from different parts of the line to exchange 
their experiences and methods, to their mutual advantage. 

(ii). To establish thereby a closer liaison between all the com- 
panies of the Corps. 

(iii). To ‘“‘ brush up ”’ military engineering generally, especially as 
regards open warfare, which was necessary after the long 
period of trench warfare. To give information by lectures 
on subjects of general interest, and to assist officers generally 
in the administration of their units, especially those who 
had not had an opportunity of obtaining much experience 
in such matters. 

The first School was opened at Le Parcq at the end of 1916. The 
Mairie was used for a lecture hall. The officers were accommodated 
in Armstrong huts, and messed in Nissen huts. The surrounding 
country was excellent for schemes. 

The staff of the School consisted of a Commandant (Lieut.-Colonel), 
two Instructors (Majors), and a Quartermaster. 

The first class assembled at the beginning of January, 1917. It 
soon became evident that a week was not long enough, so the duration 
of each class was lengthened to ten days. It was not considered 
feasible to make the classes longer without prolonging the School 
beyond the season when company commanders could be spared 
from their units. 

The last class finished early in March, 1917. 

The second School was started at Blendecques in December, 1917, 
with the same objects as before, and finished at the end of February, 
1918. It was, however, decided that, as so many of the company 
commanders had already been to the School, it should be equally 
open to officers second-in-command of companies. It would have 
been better had it been laid down that seconds-in-command were to 
be detailed only if the O.C. had already attended. There can be 
no doubt that, in a School of this sort, where the information obtained 
is really more for the good of the unit than of the individual, much of 
its value is lost unless possessed by the senior officer. 
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The staff of this School was constituted on similar lines to the 
first one. 

The School having started so much earlier than in the previous 
year, it was found possible to have each class of three weeks’ duration. 
This was a great improvement. Things did not have to be rushed 
as before, and officers came to know each other much better and 
consequently more discussion took place. Three weeks worked out 
as about the correct length for a course. At this School two large 
buildings were available for lecture rooms, offices and mess, while 
the officers were billeted in houses in the village. 

The type of instruction at both Schools was the same, and it can 
be detailed under several heads :— 


(a) Field engineering projects—embracing bridging and approaches, 
etc., pontoon bridging, demolition, water supply, reconnais- 
sance, consolidation after attack, organization of working 
parties. The principle worked on in these projects was to 
set the student practical schemes such as were likely to be 
met with, and which, as field engineers, they should have 
no difficulty in tackling correctly—without any previous 
discussion or instruction. Every officer worked individu- 
ally. They thus realized what they had forgotten and had 
to work up. Each project was gone over and carefully 
criticized. The scheme was then carefully gone through, 
worked out, pros and cons discussed, etc., with the whole 
class, then each officer’s scheme individually with the 
officer and finally—at the request of the officers—a lecture 
on the subject generally was given. 

(b) Visits to various other Schools, e.g., Heavy Bridging School, 
Trench Mortar School, Camouflage Factory, Reinforced 
Concrete Factory. 

These visits were useful and instructive, and were quite 
necessary in order to give the staff of the School time to 
correct projects while the visits were being made. 

(c) General instruction lectures by the staff, embracing :— 
History of Corps of R.E. 

General principles of field defences, tracing changes and 
causes of same during the war. 

Horsemastership—fitting of harness and saddlery, with 
practical demonstrations. 

Organization and administration of R.E. units. 

Interior economy. 

Military law. 

Road making and repairs—permanent and temporary. 

Duties and responsibilities of R.E. officers in the field, and 
hints as to how to obtain best results. 
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(d) General instruction lectures by outside lecturers, embracing :— 


Enemy methods in field defences. 

Reinforced concrete with special reference to its use in 
shell-proof structures. 

Camouflage. 

Employment of gas. 

Supply of R.E. material. 

Intelligence. 

Recent operations. 

Light railways. 

Machine-guns. 

Practical bridging expedients. 


Discussions were opened and welcomed after all lectures. 


General remarks as to the Course-—The following notes were made 
by the Commandant of the School :— 

“For this School it is essential that the Commandant and 
Instructors should come straight from the line and recent operations, 
and it is doubtful whether they should be kept on for more than three 
or four months. With all the officers who attend, coming from 
recent operations with the special circumstances and difficulties met 
with, one must be in a position to give one’s opinions from one’s own 
personal observation and knowledge. 

‘‘ The officers attending showed great keenness and thereby made 
the School a success. There can be no doubt that the School imparted 
and ‘ brushed up ’ knowledge, which was in nearly all cases desirable, 
and in many cases invaluable in helping officers to carry out the 
duties which in subsequent warfare fell to their lot. 

‘‘ Some things militated against the success of the School. It is an 
essential that officers coming straight out of the line to such a school 
should be made comfortable. At Le Parcq, the very heavy frost, 
with the officers living in Armstrong huts, was not conducive to good 
work, and great credit is due to the officers for what they did under 
the circumstances. 

“At Blendecques the accommodation was very good. 

‘In both cases, however, great difficulty was met with in making 
the messing comfortable, with the constantly changing classes, and 
with no efficient permanent mess staff to cope with it. A messing 
officer was obtained, but a mess N.C.O. and some good cooks should 
no doubt have been provided. It sounds a minor matter, but it 
would have helped a lot toward the success of the School. 

‘‘ At the Blendecques School several American officers attended— 
an excellent arrangement, which the American officers appreciated, 


and which was most useful in bringing the engineers of the two Armies 
in touch. 
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“‘ Parties of French engineer officers also came for short periods of 
four or five days. As no practical engineering work was done at the 
School it was difficult for them to gain much instruction from seeing 
the School at work, but the curriculum was explained to them, and 
special visits were arranged for them to the Heavy Bridging School 
and to Field Companies and their transport and equipment.” 

In connection with the School several conferences, each of two days’ 
duration, of C.R.E.’s Divisions, under the presidency of a C.E. Army, 
were held at Blendecques. These afforded an invaluable opportunity 
for exchange of ideas, which was appreciated by all who took part. 

A third School was to have been opened at Hesdin during the 
autumn and winter 1918-19, but officers could not be spared during 
the final advance, and after the armistice it was decided to abandon 
further courses. 


CHAPTER ITI. 
R.E. TRAINING SCHOOL, ROUEN. 
GENERAL. 


For the first two years of the war R.E. reinforcements were sent 
to No. 4 General Base Depot or to No. 2 Territorial Base Depét. 
Whilst at the Base, often for periods of some months, they were 
chiefly employed as labour at the docks and supply depéts, and on 
general garrison duties such as guards. Very little could be learnt 
of the qualifications of individuals, their state of training as soldiers, 
or their suitability for posting to the various units and appointments. 

This unsatisfactory organization was brought to an end in February 
1917, when an R.E. Base Dep6t was formed under the command of a 
lieut.-colonel with front line experience, with a small training staff 
attached. 

The number of reinforcements at the depot at this time averaged 
40 officers and 4,000 men. With the staff at disposal it was only 
possible to train a part of these. However, some considerable pro- 
gress was made. After certain local difficulties, the men were 
withdrawn from dock work and to some extent from garrison guard 
duties. They were individually examined and classified according 
to their state of training. Those men who were most in need of 
training were formed into squads, and they were put through a course 
of drill, musketry, and field works. Officers were similarly dealt 
with. In addition to these squads, classes of transfers from R.E. 
units, other than Field or A.T. Companies, and from the infantry, 
were formed and were given a complete course of field works. With 
the growth of the training responsibilities it was obvious that the 
R.E. Base Depot as such could no longer cope with the work. It was 
recognized that the staff was insufficient, and that the training 
should be carried out by a school with its own organization, but still 
affliated to the R.E. Base Depot. This was really the genesis of the 
R.E. Training School, although it was not until January, 1919, that 
an official establishment for the R.E. Base Depét and Training 
School was authorized. ; 

By October, 1917, the authorized training staff had been slightly 
increased, and arrangements made with the Armies to furnish such 
temporary instructors as were required to supplement the staff. 

By this time the work of the School had become more generally 
known. In November a large party of American engineer officers, 
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together with six French staff officers, attended a course of three 
weeks. In January, 1918, new classes for pioneers were instituted. 
They were composed of about 60 officers and 100 N.C.0O.s, or generally, 
one officer and two N.C.O.s from each division. Commanding 
Officers of Pioneer regiments also visited the School and held a 
conference there in February, 1918. These classes were a great 
success both from the point of view of the students and of the School, 
which benefited by the free discussions of representatives from 
divisions in the line. The Pioneer courses were of three weeks 
duration, and the object was to give those who attended refreshing 
instruction in every subject with which they were likely to deal in 
the line. The last syllabus of the course is appended (Appendix I), 
as it may prove a useful guide to any further Pioneer courses. 

In July, 1918, further classes for 50 R.E. officers and 150 R.E. 
N.C.O.s were instituted. These were “‘ refreshing ’’ courses, in field 
works, drill and musketry. They proved very useful. 

_ It will be seen that at the period of its greatest activity the students 
numbered over 100 officers and 250 N.C.O.s, in addition to the courses 
of men transferred from infantry, etc., and the short courses of 
reinforcement officers. The total figures of those trained between 
October, 1917, and December, 1918, are :-— 


R.E. Long Pioneer R.E. R.E Reinforce- 


Courses. Classes. Classes. ment Officers. 
Officers sei 36 404 181 510 
N.C.O.s .»» 5708 (&O.R.s) 790 737 


DESCRIPTION OF THE GROUND. 
(See Plate 1.) 


The work of developing the ground of the School was done entirely 
by students in the course of instruction, and the main object through- 
out was to get as near to “active service ’’ conditions as possible. 
The instruction was kept up to date by the frequent change of 
instructors detailed for short periods from the line, and by the 
exchange of experiences and ideas of students fresh from the line. 

In the first instance, the ground immediately south of the metalled 
road running east and west was the only ground available, and this 
was used for instruction in preparing, maintaining and repairing a 
typical trench system of a division. Later the ground to the north 
of this road was added, and this was kept for a model set of trenches 
showing the various types and traces of trenches, wiring, etc. (See 
Photo 1.) 

It should be borne in mind that the space available for the School 
was limited, and frequently various engineering works had to be 
crowded together in a manner which would not occur under normal 
conditions. 


>) 
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The map of the School (Plate I) clearly indicates the general 
system adopted. It should be noted that the “ grid lines ’’ shown 
thereon are on the ‘‘ Bonn’”’ system, which was adopted by the 
British Armies in France on January Ist, 1919. Each dotted square 
has a side of 100 metres, the main squares being of one kilometre 
sides. 

The point of origin is assumed, as no official military maps were 
available when the map was prepared. 

Considerable time was devoted to instruction in the principles of 
defence. For this purpose the ground immediately south of the 
School was used, and on this classes were taught deliberate detail 
siting, whilst officers were also given schemes for defence of tactical 
localities. No digging was done on this ground, the trenches being 
merely taped out. 


TRENCHES. 


The trenches were sited as part of a trench system and modelled 
in conformity with the general principles of defence, giving mutual 
support and having the necessary switches as required in the event 
of an attack. 

The traces used were those laid down in S.S. 196, ‘‘ Dsagrams of 
Field Defences,” issued by the General Staff in March, 1918, each 
type being illustrated. 

Photo 1 shows a general view of the trenches. 

Photo 2 shows a typical communication trench. 

Although the square traverse trace was adopted as the standard 
and the 120° trace as an alternative, the latter had many advantages 
and seemed on the whole to be preferred throughout the Armies. 
The advantages are economy in time and labour, better flanking fire, 
easier communication, less liability to being blocked by shell fire. 

On the ground north of the metalled road, the front line showed the 
120° traverse trench, whilst the support line was dug with square 
traverses, and there was an example of each of the zig-zag, dog-leg, 
and wavy communication trenches. 

The profile of all the trenches was as shown in S.S. 196, being 6 feet 
deep and varying from 7 feet to 9 feet wide at the top. The trenches 
were dug in three tasks, and for instructional purposes portions of 
the front line were left at the end of the first, second, and third task, 
showing the development of the trench. 

In the first instance only the lower three feet were revetted, follow- 
ing the instructions laid down by G.H.Q., and this was invariably 
done with the trench revetting frame, the actual revetting material 
varying according to the ground. 

Types of material used for this faeluaede corrugated iron, 
expanded metal, brushwood, brushwood hurdles, boarding, canvas 
and wire netting backing. 
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Repairs were executed in a variety of ways, including expanded 
metal sheets and angle-iron pickets, revetting hurdles and angle- 
iron pickets or anchored back with anchorage pickets, sandbags, 
sods, expanded metal gabions, etc. 


SHELLED AREA. 


In order to give instruction in consolidation of captured territory, 
No Man’s Land, in front of the southern part of the School, was made 
into a shelled area. This was very effectively done by exploding 
charges, each consisting of 5, 7 or 10 pounds of ammonal or blastine, 
in holes from 3 ft. to 4 ft. 6 in. deep. 

The students were instructed in the consolidation of shell holes, 
making them for garrisons of various sizes and adapting others for 
drainage of the first-named. 

The development from consolidated shell holes to an organized 
line, the construction of machine-gun nests and their connection by 
means of Russian saps, were demonstrated. 

There were several instances of machine-gun positions in shell 
holes connected from the established line by a tunnelled gallery. 

In addition to consolidation of shell holes the various methods of 
laying out and constructing advanced posts were taught, types of 
which are indicated on the map. 

At a certain period of the war, when the opposing armies were 
engaged in trench warfare, and when a large amount of mining and 
blowing was done, it was necessary to instruct in the seizing and 
consolidation of craters. For this purpose the crater, as shown on 
Plate I., was blown. It was assumed to have been blown by the 
enemy and seized and consolidated by our men. The size of the 
crater was 98 ft. diameter and about 42 ft. deep, and was made by 
a charge of 3,500 pounds. 

The scheme of consolidation was to seize the forward lip and 
construct three small posts from the communication trench, the 
field of fire being in a north-easterly direction.* 


WIRING. 


Lectures were given in the siting of tactical and defensive wiring, 
and practical instruction in the erection of entanglements. A large 
portion of the School ground was allotted for this work, the wire 
being taken down and re-coiled after use. 

The types of wiring taught were as laid down in S.S.177, Instruc- 
tions on Wiring, issued by the General Staff in August, 1917. These 
were double apron, knee-high, emergency or French concertina and 


* In this connection, see Chap. II, para. 9, ‘‘ Military Mining,’ in this series of 
volumes. The scheme of consolidating the front lip of a crater involved serious 
risks, which were continually pointed out by the tunnellers. 
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English concertina entanglements. The greater part of S.S. 177 was 
prepared and worked out at the School. 

In addition to this instruction, a whole system of defensive and 
tactical wire was laid out in front of the trenches on the north of the 
metalled road, as shown on map. In front of the support line in this 
part an example of the German spider-web wire was erected. For 
instructional purposes it was made 30 yds. thick, whilst in actual 
practice it was about 70 yds. 


WORKSHOPS. 


A workshop was attached to the School, fitted with tools and 
appliances for carpenters, blacksmiths, tinsmiths, painters, etc., and 
the various articles required on the field works and for experiments 
were made there. (See Photos 3 and 4). 


BRIDGING. 


In June, 1917, a Pontoon School was opened at St. Adrien, and 
instruction was given in ail branches of pontooning and improvised 
rafts. In March, 1918, additional ground was acquired at the same 
place for instruction in bridging expedients, trestle bridging, heavy 
girder bridges, etc. 


EXPERIMENTS, ETC. 


Many of the results of experiments and conclusions drawn from 
work at the School were embodied in the various G.H.Q. publica- 
tions ; but the following remarks which resulted from experience at 
the School may be useful. 


REVETMENTS. 


In making repairs to trenches the expanded metal gabion was 
found to be the most useful form of revetment. It made a per- 
manent, strong and tidy job and was much less expensive than sand- 
bagging ; but care was necessary to see that the gabions were not 
wired together. The difficulty of turning a corner was overcome 
by making a specially shaped gabion, which was made with very little 
practice, or by revetting the corner with sandbags. 

Experiments were tried with other methods of revetments, 
suggested from time to time by divisions in the line. Among these 
was an angle-iron revetting frame ; but the weakness of this was the 
necessary bolt hole joining the member to carry the trench-board to 
the upright, which necessarily weakened it ; an explosion fired near 
clearly indicated this. 

The “‘ Y ” revetting frame was tested. This was designed for the 
quick repair of very badly collapsed trenches on the Vermelles front, 
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where it proved a great success ; it appeared weak in design, and 
experiments with explosions showed that it was not a good form of 
revetting for general purposes. 

A type of anchorage for revetting panels was experimented with, 
but was not found successful, owing largely to the flinty nature of the 
ground, and it would possibly be found effective if used in loam or 
earth free from gravel. This consisted of placing in a hole prepared 
with a 2-in. auger two pieces of flat iron flanged to grip the earth, 
and separating them with a piece of 2 in. x2 in. timber, the whole 
thing being fastened together by screwing and fixed to the panel by 
nail or screw. The time taken by this method did not compare at 
all favourably with the ordinary anchorage picket placed in front of 
the parapet. 

OBSTACLES. 


Various experiments were conducted in wiring with a view to 
ascertaining if there was any means of securing the wire that would 
withstand the shock of explosion of the Bangalore torpedo. It 
was found that the lighter and thinner the wire the smaller the gap ; 
but a combination of apron fences, chevaux de frise, Béthune fences, 
knee-high wire, all specially anchored to the ground, the whole 
entanglement being very high, did not withstand the explosion so 
well as the thinner wire, and portions of the entanglement were 
hurled a considerable distance. 

An improvised trench stop is worthy of notice. It consisted of a 
hinged trench-board with concertina wires fixed on the undersides, 
with two wires for raising, should the occasion require. The hinged 
trench-board was pulled completely over, and the concertinas opening 
formed a very effective stop. (See Photo 5). 

In preparing a deliberate system of defence it 1s generally necessary 
to keep the roads passing through the zone open for traffic until the 
last moment, and, in order to provide an effective means for obstruc- 
tion, a road block of abattis and concertinas was constructed and 
proved very successful under trial. The instructions given were 
that the tops of trees should be lopped of all leaves and small branches 
and should have a butt of 8in. Each should be fixed with a stout 
length of wire, about 18 in. long, to a picket driven well into the 
ground. This allowed them to be swung across the road to block it. 

In addition, stout posts should be driven in along the edge of the 
road, to which were attached barbed concertinas. 

The general wiring should, of course, effectively close on the road 
block. 

CuT AND COVER DvuG-OUTS. 
The usual types of cut and cover shelters were well represented. 


It was, however, the aim of the School to evolve a better shelter than 
that generally accepted. 
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The principal weakness of cut and cover design always lay in the 
difficulty of making a structure reasonably shell-proof without the 
use of a variety and quantity of material out of all proportion to the 
accommodation provided, and the labour involved in transporting 
the material and making the shelter. 

Further, the amount of cover required often caused the shelter 
to be a close approximation to either a deep dug-out or tothe pyramid 
of Cheops. 

To surmount these difficulties, the best type of shelter was 
undoubtedly some variety of the French type, an example of which 
was erected in the School as an advanced dressing station. 

Here a structure, either a strong wood framework, properly strutted 
and braced, or a steel shelter, was surrounded by packed chalk, 
broken brick, stone or flints and covered with a strong monolithic 
reinforced concrete bursting and arresting course. The reinforcement 
was by grids of §-in. or ?-in. mild steel rod made up in from 6-in. 
to 8-in. squares. The bars were tied at crossings. 

The first grid was placed about 4 in. from the underside of the 
concrete, and the upper grid from 4 in. to 6 in. from the top surface. 
If the thickness of the concrete permitted, a third grid was sometimes 
introduced about 6 in. from the top grid. 

The thickness of the packed stone on the top of the shelter depended 
on the thickness of the concrete course. Ifthe concrete was 3 ft. 3 in. 
thick, the depth of the packing stone could be as small as I ft. 6 in. 
If the thickness of concrete was reduced, the quantity of “‘masonry”’ 
had to be increased to compensate. 

Shelters on these lines were proof against 8-in. or even larger shells, 
and were of sound design. 

For light hasty shelters, either the standard corrugated steel 
shelters, or framed shelters of the type erected at the School and 
illustrated, gave good cover. The framed shelter gave the maximum 
of accommodation for the minimum of digging. 

In both cases the end of the shelter facing the enemy was made 
at least as strong as the sides and was properly protected by the 
bursting course. For safety, a rule was laid down that the bursting 
course should project beyond the sides and enemy front until it 
covered a line drawn from the junction of the floor wall faces at 45° 
to the floor line, thus :-— 
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If a distributing course was introduced, it was arranged to carry 
the weight away from the roof of the shelter, that is, the logs, rails 
or beams were laid across the shortest span, not parallel to the 
length. 

Photo 6 shows a cut and cover dug-out constructed on the bank 
of a sunken road. 


CONCRETE SHELTERS. 


The various uses of concrete and the different types of concrete 
shelters were well illustrated. 

The work of the School brought to light many points that required 
to be emphasized, and many of the instructions issued by the 
Engineer-in-Chief were based on this work. 

In addition to the ordinary structures there were also exhibited 
at the School the Moir M.G. Pillbox, the Hobbs M.G. Emplacement, 
and the application of Rye’s O.P. Plate. 

The Rye’s O.P. Plate is shown in Photo 7 used as the centring 
for an observation post. This plate was capable of being used for 
works of widely different character where ordinary centring was not 
available or when there was not time to prepare centring. 


MINED DUG-OUTS. 


Considerable time was devoted to instruction in mined dug-out 
construction. This was fully dealt with in S.S 220, Freldworks for 
Pioneer Battalions, issued provisionally by the General Staff in 
the Autumn of 1918, and in other volumes, and will not be further 
discussed here. 

A method of removing spoil by means of an overhead rope and 
running block was also illustrated. In this way two men could 
get up 90 bags per hour from a 40-ft. inclined shaft, thus keeping 
the face and stairs of dug-out clear for ventilation and passage. This 
method had the great advantage of requiring one man only (unhook- 
ing at top of shaft) to be exposed to shell fire. 


TRENCH MORTAR EMPLACEMENTS. 


The question of trench mortar emplacements, both for medium 
and heavy mortars, received attention, and types of emplacements 
were made at the School, their positions being shown on the map 
(Plate I). 

In the case of the medium T.M., emplacements were frequently 
dispensed with, the more common practice being to allow the battery 
to choose any open position, which could be varied as required, 
merely providing deep dug-out accommodation for the men. 

With the 9-45 in. or heavy trench mortar it was very necessary to 
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provide some emplacement, but the common practice of making 
these 20 feet deep seemed bad, as it entailed a very large opening to 
fire through, thus making an obvious mark for the enemy, and it 
also required a very large amount of strutting, which was liable to 
be affected by the concussion caused by the explosion. 

This could be overcome by providing a smooth surface to the 
inside, by sandbagging and covering with small-mesh expanded 
metal. 

Probably the most satisfactory emplacement was made by having 
much shallower pits with inclined galleries leading to a deep dug-out 
system, so that the gun could be fired and afterwards taken down 
into safety. 


EXPLOSIVES. 


All classes passing through the School were thoroughly instructed 
in the use and handling of the various explosives, the testing of 
circuits, etc., and firing by fuze or electricity, and the properties and 
use of the new detonating fuse—cordeau détonant. 


TRACKS. 


Tracks, overland routes, slab roads and light railways were 
included in the instruction at the School, all of which were fully 
dealt with in S.S. 220. Photo 8 shows a double trench board 
track leading to the front line. 

Experiments were carried out with the object of obtaining a good 
mule track which would stand the wear and tear and at the same time 
require the minimum amount of labour and material in construction. 

Various types of tracks were laid down, and 1,000 mules passed 
over each. 

The most effective type was the one made of split pit props of 3-in. 
diameter wired together to form mats and supported on wire cable, of 
three 3-strand barbed wire for tracks 5 ft. 6 in. wide, and two 3-strand 
barbed wire for tracks 2 ft. 6 in. wide. These strands were fastened 
to transoms erected on pickets driven flush with the ground at inter- 
vals of 20 yards, and were anchorcd at the ends of the track with the 
3-2-1 holdfast or deadman log anchorage. The mats were wired 
together and also to the cables. These tracks seemed to have about 
the right amount of “ give ”’ for traffic of mules, and were easy for 
them to walk over. (See Plate II.) 

A more rigid type was also tried, consisting of 3-in. diameter split 
pit props fastened to bearers of same material. Each section was 
wired to the sections on either side by means of wire passing through 
holes in the bearers, thus keeping the whole track steady. It was 
made in two widths (2 ft. 6 in. and 5 ft. o in.), the first having two 
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bearers and the second three bearers. It proved quite satisfactory, 
but lacked the “ give ”’ of the first-mentioned track. 

Trial was also made with fascines laced together with wire and 
covered with 6 in. of soil. This was far from a success, as it proved 
very heavy going for the mules, and their feet frequently penetrated 
through the covering soil to the fascines, which resulted in their 
Shoes being torn off. 

Undoubtedly, the best road was a minimum slab road 5 ft. 0 in. 
wide, but it had the disadvantage of being extremely heavy and 
awkward to split up into man loads, and it seemed questionable 
whether it was not more economical to builda 10-ft. road which could 
then be used for horse transport. (See Plate ITI.) 

It will be noted that only common articles of store were used in 
these experiments and nothing that required any aoe: earth forma- 
tion for its bed. 

A length of Hamilton’s Portable Ropeway was erected at the 
School, and experiments proved it to be very useful for conveyance 
of ammunition, rations, etc., over ground which was difficult for 
laying light railways. It was erected in sections of 100 yards with 
intermediate supports, thereby minimizing the liability of the 
supports to be destroyed by shell fire. 

In the erection of this ropeway over undulating ground it was 
noted that the various units of length must always finish at the foot 
of a slope and not on the slope, otherwise the wire rope would not 
“ride ’’ on the intermediate supports. 


WATER POINT. 


A water point was erected on the School area in position, as shown 
on map, to illustrate the normal arrangement and details. 


CAMOUFLAGE. 


The subject of Camouflage was fully dealt with, all work being 
camouflaged before commencing and on completion, whilst various 
camouflage O.P.s were installed in the trench system. 

In addition, an exhibition was opened, showing the various kinds 
of camouflage of a general nature and portable camouflaged O.P.s, 
which could be obtained from the Special Works Park on application. 


MUSEUM. 


[Photo 9.] <A portion of ground was allotted as a Museum, in 
which were shown a large number of articles obtainable from Army 
Workshops, also various types of field kitchens, including a portable 
one for a Field Company, which is illustrated on Plate IV. 

A list of the exhibits is given on the plan (Plate I). 
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EXPERIMENTS. 


The School was very frequently called upon to conduct experi- 
ments of a varied nature in connection with field works, some of 
which have already been referred to ; mention may be made of one, 
carried out late in the War, dealing with an obstacle erected by the 
enemy in woods, etc. This obstacle consisted in the use of wire 
netting, which was nailed to trees, posts, etc. It was naturally 
difficult to observe, and on reaching it attacking troops were held up 
and so a delay in an advance was caused. 

Experiments were carried out with various types of Bangalore 
torpedoes ; wrought-iron piping of varying diameters being used, and 
also I-in. diameter canvas tube. Each tube was made of length not 
exceeding 6 ft. for convenience of carriage, and fitted with hooks for 
attachment to the netting. The canvas tube was a complete failure, 
and the most successful form was a 6-ft. length of wrought-iron pipe 
I-in. diameter, 22 gauge. Charge: 2 1b. 12 0z. of ammonal, which 
made a breach g ft. wide and 6 ft. 3 in. high. 

Tubes of smaller diameter were also used, and formed a smaller 
breach, roughly 4 ft. wide, 3 ft. 6 in. high. 


FINAL COURSES. 


After hostilities came to an end, special courses in field works and 
in construction for regular officers were instituted, and opportunity 
was taken to employ the services of specially qualified civil engineers 
in the technical subjects of building construction, etc. The syllabus 
of these courses is given in Appendix IT. 


Photo 1.— General View of Trench System. 
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Photo 2.—View of Communication Trench. 
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Photo 3.—Interior View of Lecture Hall. 
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Photo 4.—Carpenters’ and Joiners’ Work.—Models used n Instructing Regular Officers’ Class. 


Ph to 5. -View of Tranch Stop (opened) showing Loophole of Rifleman 
Post commanding same. 
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Photo 7.—Rear View of Observation Post constructed with Rye’s Plates 
and Reinforced Concrete. 


Photo 8.—Trench Board Track leading to Front Line. — 
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Photo 9.—General View of Museum Exhibits. 
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APPENDIX II. 


R.E. TRAINING SCHOOL, ROUEN. 


SYLLABUS OF CONSTRUCTION COURSE FOR REGULAR R.E, OFFICERS. 


Day. 


Ist 


2nd 


3rd 


Time. 


0845-1030 
1045-1215) 
I 330-1600 ) 


0845-1030 
1045-1215 
1330-1600 


0845-1000 


eee 
1330-1600 


0845-0945 
1000-1215 


I330 


Field Works. 


re err ED 


Subject. 
Lecture on Map Reading. 


Reconnaissance and Scheme. 


eg a SS AE 


Lecture on General Principles of Defence. 
Reconnaissance of Tactical Locality. 
Scheme on Defence of Tactical Locality. 


Lecture on Divisional R.E. in attack. 


Reconnaissance of Divisional Front and Scheme. 


Lecture on Hutting-in the Field. 
Lecture on Types of Huts, etc. 
Visit and Inspect various Types of Huts. 


Ce A A SG A eS AS 


6th 


ath 


8th 


oth 


0845-0945 
0945-1030 
1045-1215) 
1330-1600 } 


0845-1215 | 


1530-2000} 


0845-0945 
I000—-IIOO 


I100-I215 
1330-1600 


Lecture on Planning of Semi-Permanent Camps. 
Lecture on Strengths of various Units. 


Scheme on Planning of Semi-Permanent Camps. 


Scheme: Laying out Hutted Camp of a Brigade 
or Division, Working Party Table, Estimate 
of Tools and Stores required. 


Lecture on Properties of Service Explosives. 
Lecture on Fuzes and Detonators. 

Practical Jointing of Fuzes. 

Practical Firing of Charges. 


ey 


0845-0945 
I000—1100 
I100-1215 | 
1330-1600 J 


0845-0945 


oe 
1330-1600 


cr ag 


Lecture on Calculation of Charges, etc. 

Lecture on Electrical Firing. 

Practical Connecting and Testing of Leads, 
Circuits, etc. 


——e 


Lecture on Organization of arrangements for 
Demolition in case of Retirement. 

Reconnaissance and Scheme for Demolition of 
Road or Bridge. 
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APPENDIX II.—continued. 


Day. Time. Subject. 
1oth 0845-I0I5 Lecture on Water Supply in the Field. 
— 1030-1215 Reconnaissance for Water Supply. 
1330-1600 Preparation of Scheme. 
11th 0845-1015 Lecture on Semi-Permanent Water Supply. 
eee 
135021600 Scheme on Water Supply of a Camp. 
12th 0845-1000 Lecture on Bridging Expedients, Pile Driving, etc. 
amas Practical Work. 
1330-1600 
13th 0845-0945 Lecture on Light Infantry Bridges. 
1000-1100 ~=3>0s Lecture on Rough Calculations for Bridges in the 
Field. 
aes Practical Work: Knotting and Lashing, Use of 
1330-1600 Spars, Derricks, etc. 
14th 0845-0930 Lecture on siting Gaps for Bridges. 
0945-1045 Lecture on Trestle Bridging. 
pee a Practical Work: Trestle Bridging. 
1330-1600 
15th 0845-1030 Lecture on Reconnaissance of Roads and Bridges 
in an Advance. 
1045-1215 | Scheme : Reconnaissance and Report of Roads 
1330-1600 and Bridges. 
16th 0845—1000 Lecture on Road Construction and Repair. 
IOI5-1215 Practical Work: Construction of Slab Road. 
1330-1600 Continuation of Practical Work and Road Repairs 
17th 0845-0930 Lecture on Road Construction and Repair 
0945-1045 Lecture on Light Railways. (continued). 
I100-1215 Practical Work: Laying Light Railway Track. 
1330-1600 Scheme on Slab Road Construction and Light 
Railways. 
rch cy eer aes Examination. 
1400-1600 


mi cg ae re 
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APPENDIX II.—continued. 


Building Construction, 


Day. Time. Subject. 
19th 0845-0945 Lecture on Excavations and Foundations. 
1000-1100 Lecture on Concrete. 
III5-1215 Design on Foundation and Mixing Concrete. 
1330-1600 Lecture on Materials. 
20th 0845-1000 Lecture on Bonds in Brickwork and Brickwork 
Details. . 
IOI5-1215 Practical Brickwork. 
1330-1600 Lecture on Stress, Strain, and Elasticity ; 
Exercises. 
2Ist 0845-0945 Lecture on Masonry. 
| 1000-1100 Lecture on Principles of Design. 
IIOO-1215 Practical Design. 
1330-1600 Lecture on Forces, Moments of Inertia and other 
Sectional Properties. 
22nd 0845-1000 Lecture on Resolution of Forces, Funicular, 
Polygon. 
IOI5-1215 Exercises. 
1330-1430 Lecture on Wall Openings, etc. 
1445-1600 Practical Work on same. 
23rd 0845-1030 Lecture on Bending Moments and Shearing Forces, 
1045-1215 Exercises. 
1330-1430 Lecture on Carpenter's Work, Joints, etc. 
1445-1600 Designing simple joints and practical carpentry. 
24th 0845-1000 Lecture on Columns, Stanchions and Struts. 
IOI5-1215 Exercises. 
1330-1500 Lecture on Floors, Partitions and Framed 
Buildings. 
1500-1600 ~~ Practical Carpentry. 
25th 0845-1000 Lecture on Simple Timber Roofs, Trusses, etc. 
IOI§5—1215 Design of Timber Roofs. 
1330-1600 Design of Timber Roofs. 
26th 0845-1015 Lecture on Composite and Steel Roofs. 
1030-1215 \ 


Design of Steel Roof Truss. 


1330-1600 J 


_ 


Snead 


Day. 


27th 


28th 


29th 


30th 


3Ist | 


32nd 


35th 


36th 
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APPENDIX II.—continued. 


Subject. 


Design in House Building, Roofs, Planning Roofs. 
Problems in Design. 


Lecture on Joinery, Doors, Windows, etc. 
Practical Joinery. 
Design of Windows and Doors. 


Lecture on Joinery, Staircases, etc. 
Design of Staircases. 
Continuation of Design of Building. 


Lecture on Roof Covering. 
Practical Drawing of same. 
Continuation of Design of Building. 


Lecture on Drainage. 


Scheme and Design of Drainage System. 


Lecture on Plumbing. 
Demonstration of House Plumbing. 
Practical Drawing of Plumbing Joints, etc. 


Lecture on Scaffolding. 

Lecture on Plastering. 
Demonstration of Plastering. 
Continuation of Design of Building. 


Lecture on Glazing, Painting and Paperhanging. 
Practical Work on same. 
Complete Design of Building. 


Lecture on Sewage Disposal. 
Scheme and Design of Sewage Disposal Works. 


Examination. 
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